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ONE FIGURE 
(Received for publication November 21, 1949) 


Although the desire for salt or the salt taste in food has 
long been recognized in both man and animals, it was Richter 
(36) who first showed the relation of salt appetite to the 
physiologic need for salt. He found that adrenalectomized 
rats selected more salt solution than normal rats when of- 
fered a choice between 3% salt solution and water. Since 
it was known that high salt intake increases the longevity 
of adrenalectomized animals, the experiment was indicative 
of a positive relation between voluntary salt intake and 
physiologic requirement. These experiments with adrenalec- 
tomized animals have been twice confirmed independently 
(Mark, ’42; Clark and Clausen, °43). 

It has been recognized that a relation between dietary 
selection and physiologic need may arise through two mech- 
anisms: (1) the animal may learn that a given choice gives 
him a subjective feeling of well-being and henceforth he 
may prefer that choice—this type of appetite has been 
termed a ‘‘learned appetite;’’ or (2) there may be a direct 
mechanism relating appetite to need, in which need causes 
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an instinctive desire for a given food — this type of appetite 
would be considered a true hunger. In addition to these, 
there exist trivial preferences for flavor which may or may 
not significantly influence experimental results. 

Richter preferred the direct mechanism to explain his re- 
sults. In the first place, he showed that the salt taste was 
somehow involved, since when he severed the nerves leading 
to the taste buds the preference for salt was no longer 
evident. Secondly, when he determined the lowest salt 
concentration at which rats on a low salt diet showed a 
preference for salt solution over water, he found that ad- 
renalectomized animals showed a preference for salt at a 
lower concentration than did normal animals (Richter, 39). 
He concluded that increased need for salt modified the taste 
buds in such a way that salt solutions were more readily 
selected by his animals. 

More recently it has appeared that what Richter was meas- 
uring was not the true threshold of salt taste but only that 
salt concentration which the rat found important enough to 
lead it to modify its drinking habits. Using electrodes on 
the cut chorda tympani nerve to measure action potentials 
as an indication of stimulation, Bare (’47) could find no 
difference in the salt taste thresholds of adrenalectomized 
and normal rats. Furthermore, Chaplin (’47) has concluded 
that in rats the salt taste is at least as important in deter- 
mining salt intake as is salt need, since the daily salt intake 
of these animals is markedly dependent on the salt concen- 
tration of the solutions offered. Richter had found that the 
results of his experiment with adrenalectomy varied depend- 
ing on whether a 1% or a 3% salt solution was used. 

The present experiments describe the effects of sodium 
and chloride deficiencies on the preference of rats for sodium 
chloride and other salts in mixed diets, 


EXPERIMENTAL 


In the first series of experiments, sodium-deficient and 
control animals were allowed their choice of a low sodium 
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diet and one containing sodium chloride. In each experi- 
ment 10 albino rats, half males and half females, were weaned 
at 21 to 25 days of age and fed a low sodium diet? in each 
of two cups. The mineral composition of this diet is shown 
in table 1. Ten similar animals were fed a diet containing 
sodium chloride, which varied in amount in the several ex- 


TABLE 1 


Mineral composition * of diets 





LOW SODIUM CHLORIDE 


LOW SODIUM DIET LOW CHLORIDE DIET 








DIET 
%o %o % 
Na 0.002 + 0.0005 * 0.218 0.002 + 0.0005 ? 
K 0.819 0.449 0.449 
Ca 0.610 0.610 0.610 
Mg 0.046 0.046 0.046 
Fe 0.022 0.022 0.022 
Mn 0.005 0.005 0.005 
Zn 0.0005 0.0005 0.0005 
Cu 0.0005 0.0005 0.0005 
Co 0.00002 0.00002 0.00002 
Cl 0.339 0.0044 + 0.0005 * 0.0044 + 0.0005 * 
P 0.354 0.660 0.354 
SO, 0.229 0.229 0.229 
co, 0.913 0.913 0.913 
I 0.002 0.002 0.002 





* Composition with respect to minerals other than sodium and chloride was cal- 
culated from amount added to the diet. 

? Determined by Dr. T. S. Danowski, using a flame photometer on solutions of ash. 

* The procedure for determining chloride was as follows: To a 10-gm sample in a 
1000-ml flask (fitted with standard taper joints to a dropping funnel and side arm 
adapter) were added 100 ml cone. H,SO,. The flask was heated slowly until sulfuric 
acid distilled. The gases produced were lead through a gas washing bottle contain- 
ing 100ml 2% silver nitrate in 10% nitric acid. The washing bottle was con- 
nected to an aspirator so that the pressure within the system was about 30 mm. 
After heating, the silver salts were collected by centrifuging, washed, and the 
silver chloride dissolved in 0.1 N ammonium hydroxide. Silver chloride was repre- 
cipitated in very dilute solution by addition of silver nitrate and nitric acid and 
determined turbidimetrically. 


* The low sodium diet contained 10% hydrogenated vegetable oil (‘‘Primex’’), 
24% vitamin-free casein (‘‘Labec’’), 62% sucrose and 4% salt mixture. The 
salt mixture was that of Jones and Fuster (’42) except that the sodium chloride 
was replaced by potassium chloride 
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periments from 0.051 to 12.72%.* Vitamins were given sepa- 
rately as pills.‘ During a three-week control period the 
animals were weighed daily, the food consumed from each 
cup measured, and the cups then interchanged in a prede- 
termined random manner. During a three-week experimental 
period both groups of animals were allowed their choice 
between the low sodium diet and the same sodium chloride- 
containing diet that the control animals received during the 
control period. The animals were weighed, food intake from 
each cup measured and the cups interchanged in the same 
manner as before. 

A very similar experiment was performed in which chlo- 
ride-deficient animals and control animals were given their 
choice between chloride-low and sodium chloride-containing 
diets.°*® The mineral content of the chloride-low diet is shown 
in table 1. 

The next series of experiments was designed to test the 
preferences of sodium-deficient and control animals for diets 
containing sodium salts other than chloride. The technique 
was exactly the same except that a low sodium chloride diet, 
the mineral composition of which is shown in table 1, was 
used in place of the low sodium diet.’ A pill containing 

*The sodium chloride-containing diets were like the sodium-free diet except 
that potassium chloride was replaced by the proper amounts of sodium chloride. 
When the amount of sodium chloride desired exceeded that prescribed for 
the Jones and Foster salt mixture, the additional sodium chloride was added 
at the expense of the sucrose. 

*One pill was given each rat daily. It contained: 60 ug thiamine hydrochloride, 
120 ug riboflavin, 90 4g pyridoxine hydrochloride, 150 4g caleium pantothenate, 
55 I.U. vitamin A and 11 I.U. vitamin D as 0.001 ml Natola, 1 mg a-tocopherol 
and 10mg choline chloride, in a dextrin-powdered sugar base. 

*The diet low in chloride was the same as the low sodium diet except that 
the Jones and Foster salt mixture was modified by replacing sodium chloride 
with sodium dihydrogen phosphate. 

* The vitamin pills were modified in the chloride experiments by the substitution 
of choline sulfate for choline chloride. The amount of chloride contributed 
by thiamine and pyridoxine hydrochlorides was negligible. 

*The low sodium chloride diet was the same as the low sodium diet except 
that sodium chloride in the Jones and Foster salt mixture was replaced by 
sucrose. The sodium and chloride contents of this diet were indistinguishable 
from those found for the low sodium and low chloride diets. 

















SELF SELECTION OF DIET 177 


50 mg potassium chloride in powdered sugar was given each 
rat daily. The sodium-containing diets had 0.05 or 0.1% 
sodium as various salts added to the low sodium chloride 
diet, replacing sucrose. 

A similar experiment was performed in which the chloride- 
deficient and control animals were given their choice of a 
low sodium chloride diet and a diet containing ammonium 
chloride. In this case a pill containing 50mg sodium bi- 
carbonate in powdered sugar was given each rat daily. In 
the ammonium chloride-containing diets, this salt was added 
to the low sodium chloride diet so that it replaced sucrose. 

In previous communications a method was reported which 
was designed to show, by association with flavor, whether 
or not appetites for B vitamins were learned (Scott and 
Verney, ’47). The same technique was applied here. Briefly, 
it consists of allowing an animal, either deficient or normal, 
an opportunity to associate a flavor or lack of it with a 
certain food essential in a situation where choice is involved, 
and then of changing the choice so that the flavor is in the 
opposite relation to the essential. Association of flavor with 
the food essential is shown by eating behavior when the 
change is made, and is evidence that the appetite is learned. 
For a full discussion, our earlier papers should be consulted. 

In the case of sodium chloride and sodium deficiency, the 
detailed experiment was as follows: 20 animals were divided 
into 4 groups, each of which received one of the following 
diets in both cups during the control period; (1) low sodium 
diet; (2) flavored low sodium diet;* (3) sodium chloride- 
containing (0.05%) diet; and (4) flavored sodium chloride- 
containing diet. Body weight and food intake were measured 
as before, and the cups interchanged. 

The experimental period was divided into 4 parts of 5, 5, 
5 and 6 days. During the first and third parts, half the 
deficient and half the control animals received a choice of 
the above diets (1) and (4) while the others received a 


* All flavored diets contained 10 p.p.m. oil of anise, which is neither preferred 
nor avoided by rats (Seott and Quint, ’46a, b). 
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choice of diets (2) and (3). During the second and 4th 
parts, those animals who chose between (1) and (4) pre- 
viously now had choices between (2) and (3), while those 
previously choosing between (2) and (3) were given (1) and 
(4). Again body weights and food consumption were de- 
termined daily and the cups interchanged. 

The effect of flavor on appetites for other sodium salts 
was determined in the same manner, with suitable alteration 
in diets and with supplementation by potassium chloride 
pills. All sodium-containing diets had 0.05% sodium present. 
The effect of flavor on appetite for ammonium chloride re- 
quired, again, suitable diets and supplementation with so- 
dium bicarbonate pills. The ammonium chloride diet contained 
0.2% chloride. 

RESULTS 


As may be seen in table 2, it was found that there was 
no consistent or significant difference between sodium-de- 
ficient and control animals when their choices between low 
sodium and sodium chloride-containing diets were compared. 
At very low sodium chloride concentrations both groups 
preferred the sodium chloride-containing to the low sodium 
diets, and at very high concentrations the diets were probably 
too salty to be acceptable. Over a range of intermediate 
concentrations, from 0.25 to 2.5% sodium chloride, there was 
no difference between the acceptability of the low sodium 
and the sodium chloride-containing diets. The one experi- 
ment on chloride-deficient animals gave a result consistent 
with these conclusions, 

The attempts to show appetites for other sodium salts 
are summarized in table 3. In these experiments, only in 
the case of sodium bicarbonate was a greater appetite for 
sodium shown by deficient than by control animals, although 
the result with sodium dihydrogen phosphate is equivocal. 
The.preference of chloride-deficient animals for ammonium 
chloride-containing diets was greater than that of the con- 
trols, but its significance is doubtful. 
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The results of the flavor experiments are shown in table 
4 and figure 1. In no case was the alternation of choice when 
flavor was changed similar to that observed with B vitamins. 


DISCUSSION 


Sodium chloride is unusual in that it is the one dietary 
essential that is universally recognizable through its unique 
flavor. It has been and is exceedingly difficult to determine 
whether preference for salt flavor is: (1) caused by need 
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Fig. 1 Effect of flavor on appetites for foods containing sodium or chloride. 
Flavor was alternated with respect to the mineral between each part of the 
experimental period. Preference (positive) or avoidance (negative) was calcu- 
lated as per cent eaten of sodium or chloride containing-food minus 50. Solid 
bars = average of 10 deficient animals; open bars =average of 10 normal 


animals. 
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for salt; (2) learned as a result of the beneficial effects of 
salt on well-being; or (3) a flavor effect, wholly unrelated 
to salt need. However, if a change in salt need produces 
a change in salt appetite, then either the first or second 
explanation or both, must be operative, but this does not 
mean that the third is without influence. 

In general, these results indicate that sodium-deficient rats 
do not show a greater preference for sodium-containing diets 
than do control animals. If the experiments on sodium de- 
ficiency shown in tables 2 and 3 are considered together, the 
preference of 120 deficient animals for sodium-containing 
diets was only 2.3 + 3.1% greater than that of 120 control 
animals. In disagreement with this generalization is the ap- 
petite shown for sodium bicarbonate, which has a high proba- 
bility of being significant. No reasonable explanation for 
this disagreement is evident. 

On the basis of the experiments on adrenalectomy there 
can be little doubt that change in salt need in that case leads 
to a change in salt appetite. Sodium deficiency, however, 
appears not to lead to a change in salt appetite, and this 
may be due to lack of motivation in the latter case. It is 
possible that sodium-deficient animals recover from deficiency 
before a habit of eating the sodium-containing food is estab- 
lished. Evidence for this hypothesis was obtained from a 
study of food choices during the first week of the experi- 
mental period, with results shown in table 5. While it is 
true that significantly greater appetites were shown by de- 
ficient animals only in the cases of sodium bicarbonate and 
one concentration of sodium chloride, 120 deficient animals 
chose 12.6 + 3.3% more sodium-containing diet than did 120 
control animals during the first week of the experimental 
period, when the effects of deficiency would be expected to 
be most evident. 

The experiments with flavor are inconclusive. In our ex- 
periments with B vitamins we in no case found any evidence 
that the flavor of the vitamin itself was ever recognized by 
the animal. In the present experiments it is certainly possible 
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that the flavor of the sodium salts affected the results. If 
the flavor of the sodium salt were recognizable in the diet, 
there is no reason to believe that an animal would be more 
likely to associate any beneficial effect of the diet with anise 
flavor than with the flavor of the sodium salt. 


TABLE 5 


Initial appetites for sodium salts 








sODIUM APPETITE FOR SODIUM ! OF APPETITE ATTRIBUTABLE 
IN CHOICE Deficient anima's Contro! anima's TO DEFICIENCY 
baa % PoP ag are %o Yo %o 
Sodium chloride 

0.02 56.9+ 5.5 39.52 8.2 174+ 9.9 
0.05 34.72 4.5 18.0+ 6.0 16.7+ 7.5 
0.10 13.2 + 10.8 94+ 3.3 3.8 + 11.3 
0.20 15.22% 7.9 91+ 7.5 6.1 + 10.8 
0.50 139+ 6.8 11.9 + 15.0 2.0 + 16.5 
1.00 — 34.2 + 10.8 —211+ 8.8 — 13.1 + 13.9 
2.00 —962 4.5 —24.0+ 8.9 14.4 + 10.0 
5.00 —26.6+ 6.2 —23.52 3.1 —3.1+ 7.0 


Sodium dihydrogen phosphate 
0.05 119+ 9.7 — 14.4 + 12.0 26.3 + 15.4 
0.10 21.02 8.7 842+ 7.7 12.6 + 11.6 


Sodium bicarbonate 
0.05 226+ 9.0 —27.7+ 6.5 50.3 + 11.1 


Sodium sulfate 
0.05 15.52 6.6 —O1+ 59 156+ 8.9 





‘Figures represent per cent of sodium-containing diet eaten during the first 
week of the experimental period minus the per cent of food eaten from the corre- 
sponding cup during the last week of the control period. 


Two of the salts, bicarbonate and chloride, gave results 
which could be interpreted as indicating that the animals 
were influenced in their choice by the flavor of the salt and 
not of the anise, while the other two did not. In the cases 
of phosphate and sulfate it will be noted that, excluding the 
first part of the experimental period, the usual change of 
appetite associated with change in flavor is observed. A 




















SELF SELECTION OF DIET 185 


possible explanation of these results may be that it took 
longer than the 5-day first part of the experimental period 
for the beneficial effects of sodium to become associated 
with flavor or lack of it, but this explanation is inconsistent 
with the transient nature of sodium appetites indicated above. 
In conclusion, it appears that the possibility of demon- 
strating an appetite for sodium-containing diets in sodium- 
deficient rats is not an encouraging one. Under very special 
conditions an appetite may be found, but it is vague and 
indefinite when compared with similar appetites in rats for 
B vitamins. Furthermore, the results obtained seem to de- 
pend to a large extent on which particular salt of sodium 
is used, and therefore conceivably on the flavor of the salt. 


SUMMARY 


Both normal and sodium-deficient rats showed no prefer- 
ence for diets containing from 0.1% to 2.5% sodium chloride 
over low sodium diets. At lower levels, both groups pre- 
ferred sodium chloride-containing diets and at higher levels 
both groups avoided them. An appetite for sodium bicar- 
bonate, but not for sodium dihydrogen phosphate or sodium 
sulfate, was found in sodium-deficient rats. Results of tests 
for an appetite for chloride were equivocal. 
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XI. APPETITES FOR CALCIUM, MAGNESIUM 
AND POTASSIUM ! 


E. M. SCOTT, ETHEL L. VERNEY AND PATRICIA D. MORISSEY 
Department of Chemistry, University of Pittsburgh, 
Pittsburgh, Pa. 


TWO FIGURES 
(Received for publication November 21, 1949) 


Although it is a popular belief that children and pregnant 
women may eat chalk or plaster because they need calcium, 
Richter and Eckert (’37) were the first to show that an 
appetite for calcium may be related to need for that element. 
They found that rats after parathyroidectomy had an in- 
creased appetite for 2.4% calcium lactate. No experiments 
on appetites for magnesium and potassium have heretofore 
been reported. 

The present paper compares the appetites of mineral-de- 
ficient and control animals for diets containing calcium, mag- 
nesium, and potassium. 


EXPERIMENTAL 


The first series of experiments were concerned with the 
choice of compounds of calcium in mixed diets by calcium- 
deficient and normal animals. In each experiment weanling 
albino rats were divided into two groups, one of which re- 
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ceived a low calcium diet ? and the other a calcium-containing 
diet * in each of two cups for a period of three weeks. The 
mineral composition of the low calcium diet is shown in table 
1. Vitamins were fed separately as pills.‘ Throughout this 
control period the amount of food eaten from each cup was 
determined daily, the animals weighed, and the cups then 
interchanged in a predetermined random manner. 

During the three-week experimental period which followed, 
both groups were given their choice in separate cups be- 
tween the low calcium diet and the same calcium-containing 
diet given the control animals during the control period. 
The amount of each diet eaten was determined daily, the 
animals weighed, and the cups interchanged as before. 

In the second series of experiments the same type of 
study was conducted with magnesium. The only differences 
were in the diets,®* and in the length of the experiment. It 
was found necessary to limit the control period to two weeks, 
since mortality among magnesium-deficient animals was high 
during the third week. The experimental period was also 
of two weeks’ duration. 

Two experiments were performed to determine the be- 
havior of potassium-deficient and control animals in selecting 
potassium-containing diets. The technique was the same as 

*The low calcium diet contained 24% casein (‘‘Labeo, vitamin-free’’), 10% 
hydrogenated vegetable oil (‘‘Primex’’), 62% sucrose, and 4% salt mixture. 
The salt mixture was that of Jones and Foster (’42), modified by replacement 
of calcium carbonate with sucrose. 

* Caleium-containing diets were made by replacing sucrose in the low calcium 
diet by the appropriate amount of calcium salt. 

*One pill was given each rat daily. It contained approximately 60 ug thiamine 
hydrochloride, 120 4g riboflavin, 90 4g pyridoxine hydrochloride, 150 ug sodium 
pantothenate, 55 I.U. vitamin A and 11 I.U. vitamin D as 0.001 ml Natola, 
1 mg a-tocopherol, and 10 mg choline chloride, in a dextrin-powdered sugar base. 

*The low magnesium diet was the same as the low calcium diet except for 
the salt mixture. The usual mixture of Jones and Foster was modified by 
replacement of magnesium sulfate with sucrose. 

* Magnesium-containing diets were formulated by replacing sucrose in the low 
magnesium diet by appropriate amounts of magnesium compounds. 
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above, although the diets’ differed. The second of these 
experiments was limited to two-week control and experi- 
mental periods because of the early mortality of the potas- 
sium-deficient animals. 

The salts of calcium and magnesium were tested with 
flavors, as previously described (Scott and Verney, 47; Scott, 


TABLE 1 


Mineral composition of experimental diets 











LOW CALCIUM DIET? LOW MAGNESIUM DIET LOW POTASSIUM DIET 
To %o %o 

Na 0.218 0.218 0.483 
K 0.449 0.449 
Ca 0.0047 + 0.0005 * 0.610 0.610 
Mg 0.046 0.010 + 0.002 * 0.046 
Fe 0.022 0.022 0.022 
Mu 0.005 0.005 0.005 
Zn 0.0005 0.0005 0.0005 
Cu 0.0005 0.0005 0.0005 
Co 0.00002 0.00002 0.00002 
Cl 0.339 0.339 0.339 
P 0.354 0.354 0.354 
so, 0.229 0.047 0.229 
co, 0.913 0.913 
I 0.002 0.002 0.002 





* Composition with respect to other constituents than caleium and magnesium 
was caleulated from salts added to the diet. 

* Determined by the conventional method of ashing, precipitation as oxalate and 
titration with permanganate. 

* Determined spectrographically by Dr. M. E. Warga on the ash. 


Verney and Morissey, ’50), to discover evidences of learning. 
In the case of calcium carbonate the experimental method 
vas to divide 20 weanling rats into 4 groups, each of which 
received one of the following diets in each of two cups during 

*A low potassium diet was made in a manner similar to that employed in 
making the other diets, with the potassium dihydrogen phosphate in the usual 
Jones and Foster salts replaced by sodium dihydrogen phosphate and the potas- 
sium iodide by sodium iodide. Potassium-containing diets had potassium di- 
hydrogen phosphate added, replacing the corresponding sodium salt. 
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the control period: (1) low calcium diet; (2) flavored * low 
valcium diet; (3) calcium carbonate °-containing diet; (4) 
flavored calcium carbonate-containing diet. Food intakes from 
ach cup and body weight were measured daily and the cups 
then interchanged. 

The experimental period was divided into 4 parts of 5, 5, 
5 and 6 days. During the first and third parts, half the de- 
ficient and half the control animals received as choices diets 
(1) and (4) while the others received diets (2) and (3). 
During the 2nd and 4th parts, those animals previously choos- 
ing between diets (1) and (4) chose between diets (2) and 
(3) while those previously selecting from (2) and (3) were 
given (1) and (4). Oother calcium salts were tested in the 
same way with appropriate diets. 

The effects of flavor on appetite for magnesium were de- 
termined by the same technique. Aside from different diets,'® 
the experimental period was changed as follows: In the 
experiment with magnesium carbonate, the experimental 
period was divided into three parts of 5, 5 and 4 days, while 
in the cases of magnesium oxide and sulfate it was divided 
into 4 parts of 4, 4, 3 and 3 days. Between each part flavor 
was reversed with respect to magnesium in the usual manner. 


RESULTS 


Preferences for diets containing calcium carbonate over 
‘alcium-low diets were shown by both calcium-deficient and 
control animals, as may be seen in table 2. However, in the 
cases of dicalecium phosphate and calcium sulfate a distinctly 
greater preference for calcium-containing diets over a low 
calcium diet was shown by deficient animals. 

There was no evidence whatever of an appetite for mag- 
nesium-containing diets in magnesium-deficient animals (table 


* All flavored diets contained 10 p.p.m. of oil of anise. 
* All caleium-containing diets used in the flavor experiments contained 0.66% 


calcium. 
* All magnesium-containing diets used in the flavor experiments contained 
0.1% magnesium. 
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3). In fact, such diets were generally avoided and in some 
cases avoided to the extent that animals died in typical mag- 
nesium deficiency convulsions with magnesium present in food 
in the cage. 

No evidence was found of an appetite for potassium, as 
is shown in table 4. 
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Fig. 1 Effect of change of flavor on appetite for calcium-containing diets. 
Flavor was changed with respect to calcium between each part of the experi- 
mental period. Preference (positive) and avoidance (negative) for calcium- 
containing diets were calculated as per cent of total food selected that was 
ealcium-containing, minus 50. Open bars = control animals; closed bars = eal- 


cium-deficient animals. 


In the flavor experiments with calcium, the results of which 
are shown in table 5 and figure 1, the eating behavior of the 
animals showed an obvious similarity to that exhibited in 
experiments on B vitamins (Scott and Verney, °47), the 
change with respect to preference for calcium being to one 
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having the characteristics of a learned appetite. The flavor 
experiments with magnesium, the results of which are shown 
in table 6 and figure 2, do not permit as simple an interpreta- 
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FIRST SECOND THIRD FOURTH 


PART OF EXPERIMENTAL PERIOD 


Fig. 2 Effect of change of flavor on appetite for magnesium-containing diets. 
Flavor was changed with respect to magnesium between each part of the 
experimental period. Preference (positive) and avoidance (negative) for mag- 
nesium-containing diets were caleulated as per cent of total food selected that 
was magnesium-containing, minus 50. Open bars = control animals; closed bars 
= magnesium-deficient animals. 


DISCUSSION 


On the basis of the results of the experiments with calcium, 
it appears reasonable to conclude that calcium-deficient, but 
not normal, rats can develop a preference for calcium-con- 
taining over low calcium diets which is probably learned by 
the animals as a result of their experience in eating the 
former. That learning was involved is shown by the flavor 
experiments, where the rats must have learned to associate 
the effects of calcium with anise flavor or lack of it. The 
results with calcium carbonate are unusual in one respect, 
in that both control and deficient animals preferred diets 
containing this substance in comparatively large amounts. 
This was presumably a flavor effect unrelated to deficiency, 
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since both types of animals showed it, but the reason for 
the preference for diets containing as much as 3 to 6% calcium 
carbonate is not obvious. 

The avoidance of magnesium found here appears to have 
4 possible explanations: (1) it may have been accidental; 
(2) it may have been a flavor effect; (3) it may have been 
related to toxicity; (4) it may have been related to a feeling 
of well-being and thus a learned avoidance. 

The probability that there is a greater avoidance of mag- 
nesium-containing diets by magnesium-deficient animals than 
by controls can be easily calculated. If all the magnesium 
experiments shown in tables 3 and 5 are considered together, 
the average avoidance by 110 deficient animals is 8.67% 
greater than that of 110 controls, and the probability that 
this difference is not due to random sampling is 0.989. Thus 
the odds are 90 to 1 that the avoidance is not accidental. 

The avoidance of diets containing magnesium sulfate ap- 
pears reasonable because of the bitter taste of this salt; 
but both magnesium oxide and carbonate, being insoluble, are 
as tasteless as chalk, yet there was in some cases evidence 
of avoidance of the latter two by control animals. In general, 
in experiments with mineral appetites, control animals often 
show an erratic preference for or avoidance of a particular 
salt in the diet, quite unlike the uniformity of behavior they 
exhibit in B vitamin experiments. This produces a compli- 
cation, in that if a strong preference is present — based, it 
may be assumed, on flavor —a learned preference could be 
easily masked. This appears to have been the case with cal- 
cium carbonate above, since although deficient animals had no 
greater preference for this substance than the non-deficient 
ones in 3 of 4 simple choice experiments, the calcium carbonate 
flavor data are very typical of a learned appetite. Similarly, 
a taste avoidance could conceivably mask a learned avoidance. 
If the avoidance of magnesium were solely a flavor effect one 
would not expect a greater avoidance by deficient animals, ex- 
cept in the very unlikely event that magnesium deficiency 
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caused a specific change in taste receptivity for very small 
amounts of magnesium compounds. If the avoidance is a flavor 
effect, its basis is diametrically opposed to the explanation 
given by Richter (’39) of the appetite for sodium chloride. 
This author concluded that increased need for salt caused 
a change in the taste mechanism such that a higher salt 
intake resulted. In the case of magnesium, any postulated 
change in the taste mechanism would result in a lower intake 
of magnesium. That magnesium in the diet in the concen- 
trations used is not toxic is obvious, so that the animals were 
not avoiding it for that reason. 

The most plausible explanation of these results is that 
the avoidas7e of magnesium is learned. It is well-known that 
a feeling »’ well-being is not always associated with the 
best possi: physical status nor the ultimate welfare of 
an individual. Examples that may be cited are those of 
alcoholism, narcotism, and the euphoria that may occur in 
high altitude anoxia. Magnesium-deficient animals are nerv- 
ous and highly excitable and likely to go into convulsions 
on slight stimulation, while magnesium is a nervous system 
depressant. It is possible that the highly excitable stage of 
magnesium deficiency is pleasurable to the rat, and that he 
learns to avoid a diet that represses this pleasurable state. 
The experiments on the effect of flavor on appetite for mag- 
nesium did not give unequivocal results. There is a tendency 
toward alternation of avoidance with change in flavor in the 
cases of carbonate and oxide, with none in the case of sul- 
fate, which has its own distinctive flavor. These results, 
while by no means conclusive, are consistent with the con- 
clusion that a poorly defined avoidance of magnesium may 
be developed in magnesium-deficient rats. This avoidance is 
similar in some respects to the learned appetites previously 
found for B vitamins. 

In this paper, the last of a series on appetites for specific 
dietary essentials, the results of all the controlled experi- 
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ments of this type can be summarized. This is done in table 7. 
It will be noted that specific appetites for 12 different essen- 
tials have been sought, and that of these, 5 appetites were 
demonstrated, two gave doubtful results, and in 5 cases no 
appetites could be shown. These results indicate marked limi- 
tations in the reliability of appetites as a means of attaining 
good nutrition. 


TABLE 7 


Appetites of the rat in relation to needs 











ne. . See REVERENCE 

Thiamine Yes Learned Harris et al. (’33) 

Yes Learned Seott and Quint (’46a) 
Riboflavin Yes Learned Seott and Quint (’46a) 
Pyridoxine Yes Learned Seott and Quint (’46a) 
Pantothenate Doubtful Learned Scott and Quint (’46a) 
Vitamin A No Harris et al. (’33) 
Vitamin D No Harris et al. (’33) 

No Young and Wittenborn (’40) 
Protein No Harris et al. (’33) 

No Seott and Quint (’46b) 
Sodium Yes Doubtful Richter (’36) 

Yes Mark (’42) 

Yes Clark and Clausen (743) 

Doubtful Doubtful Scott et al. (50) 

Chloride Doubtful Scott et al. (50) 
Potassium No Present paper 
Caleium Yes Richter and Eckert (’37) 

Yes Learned Present paper 
Magnesium No Avoidance Present paper 

SUMMARY 


Calcium-deficient rats, but not control animals, showed an 
appetite for diets containing this element. Magnesium-defi- 
cient rats, however, tended to avoid diets containing mag- 
nesium to a greater extent than did control animals. The 
appetite for calcium was similar to the learned appetites 
for B vitamins, and the magnesium avoidance had some char- 
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acteristics in common with learned appetites. No appetite 
for diets containing potassium was found in potassium-de- 


ficient rats. 
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FOUR FIGURES 


(Received for publication December 16, 1949) 


The literature on the stiff-wrist syndrome in guinea pigs is 
voluminous, and only the papers that are pertinent to our own 
observations will be reviewed at this time. Wulzen and Bahrs 
(’41) reported that guinea pigs on a diet consisting chiefly of 
skim milk developed a characteristic syndrome which began 
with stiffness of the wrists. In advanced cases calcium phos- 
phate deposits were found throughout the body. Van Wagten- 
donk, Freed and Ballou (’44) found that when animals had 
consumed the deficient diet for over a year the inorganic 
phosphorus in the blood plasma reached a concentration twice 
as high as was normal. Van Wagtendonk and Wulzen (’43, 
’46) isolated fractions of raw cream and of cane juice which in 
exceedingly minute dosage cured the wrist stiffness syndrome 
and reduced the inorganic phosphorus of the blood to normal 
levels. Oleson, Van Donk, Bernstein, Dorfman and SubbaRow 
(47) and Petering, Stubberfield and Delor (’48) reported 
that a large number of steroids have antistiffness activity. 
rgostanyl acetate and a-ergostanyl acetate were the most 
active. 

The effectiveness of curative agents has been questioned, 
and Christensen, Naff, Cheldelin and Wulzen (’48) reported 


* Contribution from the Missouri Agricultural Experiment Station, Journal Series 
no. 1208. Supported in part by a grant from the Office of Naval Research, U.S. 
Navy. 

203 

















204 A. G. HOGAN, W. 0. REGAN AND W. B. HOUSE 


that the soreness test of van Wagtendonk and Wulzen (’43) is 
unreliable for a quantitative assay. Dasler and Bauer (’49) 
were not convinced that the syndromes described by Petering, 
Stubberfield and Delor (’48) and by van Wagtendonk and 
Wulzen (’43) were identical, and Smith, Williams, Bauer and 
Maynard (’49) came to about the same conclusion. Smith et 
al. (’49) observed wrist stiffness and tissue calcification on a 
variety of diets though they, as did most other workers, found 
the skim milk diet of van Wagtendonk and Wulzen unsatisfac- 
tory, due to a high mortality rate and the inconsistent appear- 
ance of the symptoms. They agreed with Dasler and Bauer 
that ergostanyl acetate had no protective activity. 

So far as we are aware, no one has suggested as yet that 
mineral elements of the diet may be implicated in the wrist 
stiffness syndrome, but observations on other animals indi- 
cate that these constituents may be a determining factor. 
There is a considerable body of evidence that maladjustments 
in the intake of calcium and phosphorus by rats may result in 
abnormal deposition of calcium phosphate in the tissues 
(Stephens and Barr, ’33; Barnes, 42; Saxton and Ellis, ’41). 
According to Kintner and Holt (’32), a ration that supplies 
liberal amounts of phosphorus, with a low Ca:P ratio, pro- 
duces serious abnormalities in the bones of horses. The pres- 
ent authors have observed calcium phosphate deposits in 
guinea pigs and the object of this paper is to describe our 
investigations of that abnormality. A summary of our obser- 
vations appeared some time ago (Hogan and Regan, ’46). 


EXPERIMENTAL 


The experimental procedure employed was practically the 
same as that used by Hogan and Hamilton (’42) except that 
most of the animals were weaned and started on the experi- 
mental diets at an earlier age. We prefer animals not over 
one week old, at weights between 150 and 175 gm. The investi- 
gations of Hogan and Hamilton were interrupted and when 
resumed by Hogan and Regan (’46) the earlier results could 
not be duplicated. In the meantime the salt mixture no. 5199, 
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used by Hogan and Hamilton, had been replaced by no. 5 

(Richardson and Hogan, ’46), and it soon developed that this 

change was the cause of the difficulty. Other changes in the 

diets were made before the importance of the salt mixture was 

discovered, but they were of no significance for our purpose 
TABLE 1 


Composition of rations 








RATION NO. 711 713 

Te % 

Casein 20 20 

Sucrose 36 35 

Cellu flour 15 15 
Salts (5199) 4 

Salts (5) 5 

Lard * 10 .10 

Dried brewers’ yeast 15 15 





* Added fat-soluble vitamins per 100 gm: 


Vitamin A 2,000 L.U. Vitamin E 2.5 mg 

Vitamin D 283 I.U. Vitamin K, 2.5 mg 
Jo Jo 

Caleium 0.8 0.8 

Phosphorus 0.5 0.9 


Stock colony diet no. 16 


Ground wheat 25 Dried yeast 15 
Wheat germ 6 Fish liver oil 1 
Wheat shorts 10 Steamed bone meal 2 
Alfalfa leaf meal 40 Sodium chloride 1 
Manganous sulphate, hydrated 0.025 

Protein 21.6 

Caleium 1.23 

Phosphorus 0.85 


Each animal was given every other day a gelatin capsule which contained 20 mg 
of ascorbie acid. 





and will not be described. Typical diets containing these two 
salt mixtures are shown in table 1. The stock colony diet now 
in use is also described, as it has been quite satisfactory dur- 
ing the stages of growth, gestation and lactation. 

After the importance of the salt mixture was recognized the 
diets were modified at times to determine whether the rate of 
growth was affected by the type of casein, cellulose or other 
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carbohydrates in the diet, or by the addition of various mem- 
bers of the vitamin B complex. However, these changes were 
of no significance for our purpose and will therefore not be 
described. The results obtained with salt mixture no. 5199 are 
all ascribed to diet 711, those with mixture 5 to diet 713. The 
animals that consumed salts 5 grew more slowly, the mortality 
rate was higher, and the females did not reproduce. Specific 
abnormal symptoms were not noticed until the animals were 5 
months old or older, when inflammatory spots began to appear 
on the pads of the feet. These begin as small white pinheads 
which later on expand and become necrotic. Their appearance 
suggests a focus of infection but when the contents are ex- 
amined under the microscope it is seen that the spots are due 
to the accumulation of minute particles which are not bacteria. 
Chemical analysis showed they are made up chiefly, or entirely, 
of calcium phosphate. These particles are so small that they 
are beyond the resolving power of a petrographic microscope. 
A sample was sent to the x-ray laboratory for examination and 
the operator * reported that the sample was examined by the 
Debye-Scherrer powder method and ‘‘the X-ray pattern pro- 
duced indicated the presence of crystalline material.’’ 

It is assumed that the calcium phosphate deposits are of the 
same type as those described by Wulzen and Bahrs (’41) and 
by Smith, Williams, Bauer and Maynard (’49). They may 
first form in almost any portion of the body, on the top or side 
of the toes, on the elbows, ribs, and on the spinal column. If 
near a bone they become attached to it and resemble a bony 
overgrowth. They may appear in the connective tissue be- 
tween the skin and muscle layers, and large collections have 
been observed on the stomach and on the duodeno-jejunal 
flexure. Microscopic calcium phosphate crystals are abundant 
between the muscle fibers of affected animals. A portion of 

* Mr. J. H. Affleck examined the sample and prepared the report. 

* Kindly prepared by M. P. Neal, M.D., Professor of Pathology in the School of 


Medicine, University of Missouri. Dr. Neal also prepared the slides for figures 3 
and 4 and wrote the legends that accompany them. 
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the University pathologist’s report * on a typical animal reads 

as follows: 

‘‘Histopathology: Multiple sections of the lesions show three rather basic changes: 

1. ‘‘ Degenerative change of musculature, with swelling of muscle fibers, some frag- 
mentation, loss of striations, and change in staining reaction from acidophilie to 


basophilic. 





Fig. 1 Guinea pig 598. Age, 306 days. Weight, 295 gm. Lesions of varying 
severity on pads of all 4 feet. 





Fig. 2 Guinea pig 558. Age, 617 days. Weight, 432 gm. Masses of calcium 


phosphate crystals near rib attachment to spinal column. 


2. ‘‘Deposition of mineral salts in soft tissues, particularly of muscles, muscle 
fascial planes, and outside the periosteum of bones. 

3. ‘‘A chronic inflammatory reaction, especially marked around the areas of mineral 

deposits, with the presence of foreign body giant cells, endothelial leucocytes, 

and fibroblasts. 


”” 
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Illustrative photographs of the lesions are reproduced in 
figures 1, 2, 3 and 4. 

When the mineral deposits were first observed all the experi- 
mental animals were consuming diet 713, or one practically 





Fig. 3 Guinea pig 24. Age, 338 days. Weight, 443 gm. Skeletal muscle: Partial 
loss of striations; basophilic staining and parallel deposits of crystalline material 


along the connective tissue stroma. 





DEGENERATED FIBERS NORMAL 
WITH MINERAL DEPOSITS FIBERS 


Fig. 4 Guinea pig 7. Age, 196 days. Weight, 408 gm. Skeletal muscle, cross 
section: Degenerative change with basophilism of cytoplasm; swelling of fibers and 


granular crystal deposits. 


identical with it. In order to test the possibility that the salt 
mixture was implicated in the abnormality, the guinea pigs 
which were free from detectable deposits were divided into 
two groups. One group of 10 was continued on salts 5, and 9 
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of them developed mineral deposits in an average of 237 days. 
Another group of 11 was changed to salts 5199, and 6 developed 
mineral deposits in an average of 313 days. In addition to 
the 10 guinea pigs just mentioned, which received salts 5 con- 
tinuously, 22 more were started later, making 32 in all which 
continuously received this mineral mixture. Of these 32 ani- 
mals, 28, or 87.5%, developed mineral deposits within a period 
of 150 to 623 days. There were 37 animals which received salts 
5199 continuously and of this number three developed mineral 


TABLE 2 


The relation between the phosphorus content of the diet and the incidence of 
calcium phosphate deposits 





AGE 
INTERVAL 180- 201- 251-— 301- 401- ge . 
DAYS 200 250 300 400 500 501+ TOTALS 

Salts a* 2 5 4 10 7 6 34 
5199 b 0 0 0 0 3 0 3 

Salts a 0 1 2 0 0 1 4 
5 b 3 4 2 10 4 5 28 


‘The numerals in the various columns show the number of animals that died, or 
were discontinued on experiment for any other reason, during the age interval indi- 
cated. In some cases deposits had been observed at an earlier interval. 

Line a: Caleium phosphate deposits were not observed. 

Line b: Calcium phosphate deposits were observed. 

For example, 5 guinea pigs on salts 5 died or were discontinued during the age 
interval 201 to 250 days. Caleium phosphate deposits were visible in 4 animals and 
could not be detected in the 5th. 


deposits, at the ages of 411, 412 and 479 days. This is a low 
incidence but it is strong evidence that ration 711, which con- 
tains salts 5199, is slightly unsatisfactory in some respect. 
A summary of our data is shown in table 2. 

Additional evidence that salt mixture 5 is unsatisfactory is 
provided by the mortality records. There were 19 animals on 
this mixture that died a natural death and 12, or 63%, died 
before they were 450 days old. There were 14 animals on mix- 
ture 5199 that died a natural death and 4, or less than 29%, 
died at an age less than 450 days. The colony diet contains 
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practically the same percentage of phosphorus as does diet 
713 but it contains about 50% more calcium. It is evident, 
therefore, that the total quantity of phosphorus in diet 713 
does not explain why the animals that consume it develop de- 
posits of calcium phosphate. It may be that within limits the 
Ca:P ratio is of decisive importance, though an organic factor 
may be involved. 

The effect of the salt mixture on the rate of growth of the 
animals included in table 2 is shown in table 3. The guinea pigs 
that consumed diet 711 did not grow at the maximum rate but 
they grew more rapidly than did those that consumed diet 713. 


TABLE 3 


Effect of salt mixture on the average daily weight gains of guinea pigs 





SALT MIXTURE 


AGE 5199 5 








INTERVAL ———_—___——- —-—— - 
Males ' Females Males Females 
(15) (22) (17) (15) 
gm gm gm gm 
0-6 weeks 5.6 4.6 5.0 3.8 
6-12 weeks 4.7 3.3 2.7 2.6 





* The number of animals is shown in parentheses. 


Several types of tissue were analyzed for total mineral con- 
tent. The quantity of ash in the muscle and stomach was much 
higher than the normal amount. The quantity in the heart, 
liver, and lungs was only about 25% higher than is normal. 
The analyses are summarized in table 4. 

Soon after the calcium phosphate deposits were first ob- 
served we began examining the animals for the wrist soreness 
syndrome, by the method described by van Wagtendonk and 
Wulzen (’43). There was no difficulty in confirming their re- 
port in all essential respects. According to our observations, 
the disease can be divided roughly into three stages: (1) Pain 
in the wrist when the joint is manipulated; (2) the wrist, el- 
bow, or both become stiff; (3) visible, or palpable, deposits of 
calcium phosphate. The first symptom is not uncommon in 
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animals that consume either diet 711 or the colony diet, and a 
small proportion that develop the first symptom also develop 
the second. Practically all animals on diet 713 develop, in 
order, all three symptoms. One would assume from our data 
that all three symptoms indicate varying degrees of severity 
of the same disease, but we have no experimental evidence of 
identity. Raw cream was tested on a few animals as a curative 
agent (van Wagtendonk and Wulzen, ’46) with entirely nega- 
tive results. After the experimental work described in this 
report had been completed we tried cane molasses, which van 
Wagtendonk and Wulzen (’46) had found to be active, but in 


TABLE 4 


Percentage of ash in moisture- and fat-free tissues 


No. 
DIET OF MUSCLE STOMACH HEART LIVER LUNGS KIDNEYS FEMUR 
SAMPLES 
713 9 8.9 15.3 6.3 6.6 6.8 6.5 (6) 63.3 
71l 9 5.7 (8)* 6.3 (8) 5.7 5.6 6.6 (8) 64.7 
16 5 5.8 


6.1 5.2 4.7 6.1 6.7 (3) 58.3 


* When some of the samples were not analyzed, the actual number represented in 
the average is shown in parentheses. 


our hands it was no more effective than was cream. It should 
be stated, however, that while the sore wrist stage undoubtedly 
occurs, it is an unreliable method of diagnosis. The response 
of animals to the test from day to day is quite erratic. Evi- 
dently Christensen, Naff, Cheldelin and Wulzen (’48) had the 
same experience. 

We obtained limited evidence that the deposition of calcium 
phosphate deposits is a reversible process. One female that 
had large deposits and was in wretched physical condition was 
changed to the colony diet at the age of 200 days. At the age 
of 292 days the deposits were not detectable and the animal was 
in excellent condition. She bore a litter of two at the age of 
618 days, and reared it successfully. 
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SUMMARY 


Approximately 90% of the guinea pigs that consumed a 
synthetic diet which contained 0.8% of calcium and 0.9% of 
phosphorus developed visible deposits of calcium phosphate. 
If the total amount of phosphorus was reduced to 0.5%, the 
incidence of the deposits was less than 10%. The Ca:P ratio 
may be as important as the absolute amounts. 

When animals consumed the high-phosphorus diet they grew 
more slowly and the survival period was shortened. The soft 
tissues contained an abnormally high percentage of mineral 


constituents. 

Under the experimental conditions described wrist soreness 
and wrist stiffness invariably preceded the appearance of vis- 
ible caleium phosphate deposits. 
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FOUR FIGURES 
(Received for publication December 21, 1949) 


INTRODUCTION 


Although extensive evidence in the literature (i.e., Osborne 
and Mendel, 714, 15; Winternitz, ’42; Harris et al., ’43) in- 
dicates it is easy to obtain the picture of lysine deficiency and 
that rats are readily maintained for long periods of time as 
stunted animals, little information is at hand showing a spe- 
cific role for lysine either in the synthesis of the growth hor- 
mone or in its activity. It was the original purpose of this 
study, therefore, to produce an absolute and uncomplicated 
lysine deficiency in order to gain information on the above- 
mentioned points. 

Because the protein gliadin contains some lysine, zein was 
selected for the production of lysine deficiency since it is 
completely deficient in this amino acid. It soon became evi- 
dent, however, that animals fed a supplemented zein diet 
grew at a rate far below the optimum of rats fed a casein 
ration. This was further confirmation of the observations of 
other workers (Geiger and Hagerty, ’49; Borchers et al., ’42; 
Harris et al., ’43). 

*The authors are indebted to the National Vitamin Foundation, New York, 


New York, and to the James Hudson Brown Memorial Fund of the Yale Uni- 
versity School of Medicine for grants in support of this work. 
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Because of these results, our attention was diverted from 
the original objective to an attempt to clarify the reasons 
for growth failure on the completely supplemented zein 
diet. An account of this study follows. 


TABLE 1 


Percentage composition of diets 








DIETS 
COMPONENT ee ee Pere wi ot ws ; 
A B Cc B-4 
oe, Co 
Dextrin ’* 55.7 49.2 50.2 24.2 
Casein * 20.0 
Zein 25.0 25.0 
Vitaminized casein * 5.0 
Vitaminized dextrin * 5.0 5.0 5.0 
Lard * 10.0 10.0 10.0 10.0 
Corn oil® 5.0 5.0 5.0 5.0 
Salts IV °* 4.0 4.0 4.0 4.0 
L-cystine 0.2 0.2 0.2 0.2 
Choline HCl 0.1 0.1 0.1 0.1 
L-lysine 1.0 1.0 
DL-tryptophan 0.3 0.3 0.3 
DL-histidine 0.2 0.2 0.2 
Zein hydrolysate * (50% 
zein, 50% dextrin) 50.0 





*Amijel. Corn Products Refining Company, New York, New York. 

* Labeo devitaminized casein (Borden). 

* Prepared to contain, per kilogram casein or dextrin, 100 mg each of B,, B,, B, 
and 2-me-naphthoquinone (Menadione) ; 1 gm each of niacin and pantothenic acid; 
10 mg each of biotin and folic acid; 2 gm each of inositol and para-aminobenzoic 
acid (PABA). An oral supplement of fat-soluble vitamins was given once weekly 
(0.1 ml per animal) and prepared as follows: 50 ml halibut liver oil plain (Abbott), 
18.0 gm viosterol, 12.5 gm a-tocopherol, brought up to 200 ml with Mazola corn oil. 
Each milliliter contains approximately 15,000 U.S.P. units vitamin A, 1,050 U.S.P. 
units D, (Drisdol), and 50 mg vitamin E. 

* Swift ‘nin. 


* Mazola. 

*See Hegsted et al. (’41). Hegsted’s salts preparation was modified to contain 
cobalt (CoCl,-6H,O, 0.6 gm). 

* Described in text. 
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EXPERIMENTAL 
Diets 


Three basal diets, A, B, and C, were used, as described in 
table 1. Individual amino acids, and amino acids in groups 
of two and three, were added to give the levels in the diet 
suggested by Rose (37, ’38; table 2). 

A zein hydrolysate was prepared as follows: (a) Pepsin 
digestion. After adjustment of the pH to 1.5 to 2.0 with HCl, 


TABLE 2 


Levels of essential amino acids in zein, in diet B, and in supplements to diet B 





REQUIREMENT 





AMINO ACID IN ZEIN ! IN DIET B? FOR GROWTH 2 
- ole to ohn. ae ; sar erie a gt (% OF DIRT) ; 
Lysine 0.0 1.00 1.0 
Tryptophan 0.1 0.32 0.2 
Histidine 0.9 + 0.2 0.42 + 0.05 0.4 
Phenylalanine 6.4 + 0.7 1.60 + 0.18 0.7 
Leucine 23.7 + 2.1 5.92 + 0.52 0.8 
Isoleucine 43+ 0.4 1.07 + 0.10 0.5 
Threonine 2.4 0.60 0.5 
Methionine 2.4 0.60 0.6 
Cystine 0.8 + 0.1 0.40 + 0.02 
Valine 2.4 + 0.9 0.60 + 0.22 0.7 
Arginine 1.6 + 0.2 0.40 + 0.05 0.2 





* Block and Bolling (’45), p. 304. 

* Calculated from figures in column one, plus supplementation as deseribed in 
table 1. 

* Rose (’37). 


3.0 gm of pepsin were added to 500 gm of zein in 31 of water, 
and the mixture was stirred vigorously and continuously 
during the digestion period. Digestion was carried on at 
37°C. for 48 hours. (b) Pancreatin digestion. After com- 
pletion of the peptic digestion, the pH was adjusted to 6.8 
to 7.0 with NaOH, 24gm of NaHCO, were added, and the 
pH was then stabilized at 8.0. Three grams of pancreatin 
were added and digestion was carried on as with the 
pepsin, again with constant stirring. (c) Five hundred grams 
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of dextrin ? were added to the digest, which was then dried at 
60°C. The dried mixture was ground and mixed with the 
other ingredients of diet B-4 (table 1). 


Animals 


Sprague-Dawley weanling male and female rats of the same 
age were used throughout the experiment. They were housed 
in individual, screen-bottom cages in a room with controlled 
temperature (25 to 26°C.) and relative humidity (50 to 55%). 
The number of animals used in each phase of the experi- 
ment is indicated in table 3. 


Supplementation 


Of the workers who have attempted to supplement zein 
diets with various amino acids in an effort to improve ob- 
served growth rates, none reported satisfactory results 
(Geiger, 47; Geiger and Hagerty, ’49; Borchers et al., °42; 
Harris et al., ’43). It was felt desirable, nevertheless, to con- 
tinue to explore this approach. In general the technique 
adopted was to add amino acids individually or in groups 
of two or three to diet B at levels suggested by Rose (’37, 
38). 

In order to eliminate the possibility that the poor growth 
obtained with zein (to which tryptophan, lysine, histidine, 
and cystine had been added, i.e., basal diet B) was due to a 
‘*toxic’’ factor present in zein, a complete amino acid supple- 
ment was given to two animals on diet B. For much the same 
purpose, 5% of vitamin-free casein* was added to diet B. 
The various supplements, and the average weight gain per 
animal per day, are reported in table 3. In order to evaluate 
the possible role of some of the newer growth factors, cer- 
tain animals on diet B received supplements of liver extract, 

* The dextrin used was Amijel, obtained from the Corn Products Refining Com- 
pany, New York, New York. 

* Labeo vitamin-free casein was obtained from the Borden Company, New York, 


New York. 








































TABLE 3 
Growth responses to diet supplementation 





Diet surPLEMEst BS, SS Tue 
SNA oe  gm/day 

A None 8 40 4.1 
A None 4 67 4.7 
A None 3 40 5.8 
B None 28 87 0.9 
B Complete amino acid 2 6 4.6 
B 5% casein 4 26 4.4 
B 5% casein 3 42 5.8 
B Threonine 2 6 1.1 
B Arginine 2 5 1.7 
B Isoleucine 2 4 1.3 
B Phenylalanine 2 6 1.1 
B Valine 4 13 2.8 
B Leucine 2 7 1.2 
B Glycine * 4 18 0.8 
B Lysine * 5 4 1.5 
B Arginine, threonine 2 16 2.6 
B Arginine, isoleucine 2 5 2.2 
B Arginine, valine 2 6 2.6 
B Threonine, valine 4 16 1.4 
B Threonine, isoleucine 2 5 2.1 
B Arginine, threonine, isoleucine 2 6 1.4 
B Arginine, threonine, phenylalanine 2 7 0.4 
B Arginine, threonine, histidine 2 7 1.6 
B Arginine, threonine, leucine 2 7 1.2 
B Arginine, threonine, valine 2 7 4.1 
B Arginine, threonine, valine 8 29 2.6 > 3.2 ave. 
B Arginine, threonine, valine 6 42 2.9 
B-4 None 3 27 0.4 
B-4 Arginine, threonine, valine 5 23 2.5 
B-4 Arginine, threonine, valine + 

growth hormone * 3 7 2.7 
B B,. (2 ug/day)* 3 8 0.3 
B Liver extract * 4 4 1.1 
B APF’ 4 4 1.7 


* Levels of amino acid supplementation in grams per 100 gm of diet, except 
where otherwise indicated, are as follows: pDL-histidine 0.4; pL-phenylalanine 0.8; 
L-leucine 0.9; pt-isoleucine 1.2; pL-threonine 1.2; pL-methionine 0.7; pt-valine, 1.6; 
and L-arginine 0.3. 

* Added to the diet at a level of 1%. 

* Fifty milligrams per milliliter of L-lysine in physiological saline; 1 ml/day was 
given intraperitoneally. 

*Growth hormone, 4 mg per day for three days, given intraperitoneally. 

*Squibb Rubramin (15 4g/ml) was used, diluted in physiological saline and 
given intraperitoneally at the rate of 1 ml/day. 

* Fifteen units liver extract composite (regular, Lederle) were given at the rate 
of 1ml/day orally. 

* Animal protein factor (Lederle) was given orally at the rate of 1 ml/day. 
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the animal protein factor, and vitamin B,., as is indicated 
in table 3. The growth hormone was given to animals re- 
ceiving diet B-4 supplemented with arginine, threonine and 
valine. 

RESULTS 


Zein supplemented with amino acids 


The rate of growth of animals fed diet B ad libitum (i.e., 
zein with histidine, lysine, tryptophan, and cystine added at 
theoretically adequate levels) was markedly suboptimum when 
compared with the growth rates of three groups of animals 
given diet A (25% casein; table 3). By contrast, the average 
growth rate of animals fed diet B with the addition of a 
supplement of all 10 ‘‘essential’’ amino acids compared very 
favorably with that of animals on diet A. Similarly, the ad- 
dition of 5% casein to diet B insured a good growth response. 
Results with the complete amino acid supplement and the 
5% casein supplement indicated that no ‘‘toxic’’ growth- 
inhibitory factor is present in zein or is released from it dur- 
ing digestion. 

Supplementation of diet B with essential amino acids (table 
3), individually and in groups of two and three, gave favor- 
able results in a number of instances. It is recognized that 
the numbers of animals used in the supplementation experi- 
ments were small, but these were in the nature of exploratory 
trials. In no ease, however, did growth rates equal those ob- 
tained with the complete amino acid supplement or with 
diet A. The growth results obtained, however, with valine, 
valine-arginine, and arginine-threonine supplementation sug- 
gested the use of a supplement containing all three of these 
amino acids, Such a supplement was tried with three groups 
of animals, with comparable results in each group. The aver- 
age growth rate per animal per day was 3.2 gm, as compared 
with the optimum rate of 4.0 to 4.5 gm/day/animal using diet 
A (the casein diet). 

Zein hydrolysate diet. Considerable difficulty was encoun- 
tered in digesting zein in vitro with pancreatin and pepsin. 
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Growth on a diet containing the zein hydrolysate supplemented 
with lysine, cystine, tryptophan and histidine (diet B-4) was 
very poor (table 3). The addition to diet B-4 of valine, ar- 
ginine, and threonine elicited a favorable growth response 
nearly comparable to that obtained by the addition of these 
three amino acids to the unhydrolyzed zein diet (diet B), but 
not comparable to the growth obtained with 25% casein. 

The intraperitoneal administration of 4mg of pure growth 
hormone * each day for 4 days failed to provide additional 
growth stimulus (see table 3). 

The animals given diet B-4 exhibited marked diarrhea, which 
may have been due to the excess chloride in the diet re- 
sulting from the preparation of the zein hydrolysate. This 
may, in part, account for the incomplete growth response ob- 
served with the addition of arginine, threonine and valine 
to the zein hydrolysate diet. 


Zein diet without added lysine 


As might be expected, animals on the lysine-deficient diet, 
diet C, failed to grow and, in fact, showed a steady, slight 
decline in weight as the experiment progressed. In contrast 
to the observations made of animals fed diet B, symptoms of 
severe deficiency appeared early in the experiment, including 
ruffled hair, poor stance and gait, and emaciation (see fig. 1). 
Survival on the diet was good. Of 25 animals fed diet C, all 
were alive after 38 days on the diet, 20 were alive after 67 
days, and 18 were alive even after 87 days. Histological stud- 
ies of the liver, heart, kidneys, adrenals, and thyroid of the 
‘‘lysine’’-deficient animals, using a hematoxylin and eosin 
stain, gave no significant evidence of pathology. A possible 
exception was the liver, in which the normal amounts of fat 
seemed to be missing. A group of animals whose intake of 
diet B was limited to the amount eaten by the ‘‘lysine’’-de- 
ficient animals grew slowly, without the appearance of the 


‘Purified growth hormone was obtained through the courtesy of Dr. A. E. 
Wilhelmi. 
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aforementioned deficiency symptoms. The growth rate of 
these animals pair-fed on diet B was 0.3 gm/day, appreciably 
less than that of animals fed diet B ad libitum (0.9 gm/day). 

Four females placed on diet B (with lysine) after 24 days 
on diet C (without lysine) showed immediate disappearance 
of the characteristic deficiency symptoms. However, growth 
rates were still retarded, as with animals fed diet B from the 
beginning. The weight gains of the 4 animals averaged only 
1.2 gm/day, compared once again with the optimum rate of 
4.5 gm/day on diet A. 

By contrast, two females placed on diet A after 30 days 
on diet C grew at an average rate of 3.9 gm/day, although 
two others placed on diet A after a longer period of 80 days 
on diet C showed a less favorable growth response of 2.7 gm/ 
day. Thus the lysine-deficient diet (diet C), even after rela- 
tively long periods of feeding, does not greatly impair the 
animals’ potential for growth when they are placed on an 
adequate diet (diet A). 

It was further observed that 8 females placed on diet C 
(lacking lysine) after 67 days on diet B (with lysine) lost 
an average of 24 gm in 31 days, which represents an average 
of one-sixth of their body weights, without the appearance 
of the deficiency symptoms noted above. Thus the presence 
of lysine in the diet under these circumstances appears to be 
essential not only for growth but for maintenance of body 
weight, although the animals tested could be considered adult 
only from the standpoint of age since they were still below 
their normal size due to their long regimen (67 days) on 


diet B. 


Miscellaneous observations 


To make certain that the lack of adequate growth of the 
animals on diet B was not due to a possible vitamin deficiency, 
resulting from some destruction or loss of vitamins in the 
diet, the daily intake of vitamins was increased through ad- 
ministration of an oral supplement consisting of more than 
adequate amounts of the water-soluble vitamins. Average 
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growth during the period of supplementation was 0.3 gm/day/ 
animal; an unsupplemented control group on diet B gained 
0.5 gm/day/animal. There was therefore no significant incre- 
ment in weight after supplementation with extra water-soluble 
vitamins. 

Supplementation of diet B with vitamin B,., the animal 
protein factor, and liver extract yielded consistently negative 
results in that no improvement in growth rates was noted 
(table 3). 

To eliminate another possible variable operating among the 
various groups of animals, the data for average daily food 
consumption during the growth period were examined. To 
illustrate, in one period food consumption on diets A, B, and 
C was 11.1, 4.8, and 3.1 gm/day, respectively. When these food 
consumption data are related to the weights of the animals 
on the above diets, these seemingly large differences vanish, 
since food intakes were 0.09 gm, 0.09gm, and 0.08 gm per 
gram of body weight on diets A, B, and ©, respectively. The 
possibility that an appetite factor may have influenced the 
growth of the deficient animals appears therefore to be ruled 
out. This point is given further emphasis in the results ob- 
tained with the pair-fed animals. 

The onset of the estrous cycle was determined in all females, 
and was found to be correlated with body weight in that all 
females exhibited estrus when weights of 120 to 140 gm were 
reached, regardless of the age of the animal and the diet 
used. The animals on diet C, of course, never reached ade- 
quate weights for estrus to appear, but the females whose 
growth was delayed by the feeding of diet C nevertheless 
had estrous cycles upon attaining adequate body weights on 
a non-deficient diet (diet A), despite the fact that they were 
then 80 to 140 days old. 


DISCUSSION 

Osborne and Mendel (’14, 15) found that zein diets did 
not support either the growth or maintenance of the rat; 
however, supplementation with 3% lysine and 3% trypto- 
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phan resulted in growth rates equal to those of animals on 
casein diets. Hart et al. (’18), on the other hand, reported 
inadequate growth, though some gains in weight, on diets con- 
taining zein, 0.54% tryptophan, and 1% lysine. The results 
in the present study with zein diets seem to indicate that a 
very poor rate of growth is obtained with 1% lysine given 
in the diet, and even with higher percentages of lysine given 
intraperitoneally (table 3). These results corroborate those 
obtained by Geiger and Hagerty (’49), who used zein supple- 
mented with 0.25% tryptophan, 1.2% lysine, 0.5% histidine, 
and 1% arginine. Similarly, Harris et al. (’43) obtained in- 
creases in weight of about 1 gm/day with a zein diet supple- 
mented with lysine (40mg/day) and tryptophan (10 mg/ 
day), as compared with our observed rate (table 3) of 0.9 gm/ 
day using diet B. It appears well substantiated, therefore, that 
zein, even when supplemented with amino acids that it does 
not contain, will still not support the maximum growth of 
young rats. It should be pointed out, however, that Osborne 
and Mendel used a control diet which produced growth rates 
in their animals far lower than those considered optimum 
today. Thus the growth rate they obtained with a supple- 
mented zein ration might well have approximated that ob- 
tained with their casein control diets and still might have been 
small in terms of the increases in weight obtained today with 
improved rations. 

Despite the poor response to a proteolytic digest of zein 
observed by Geiger and Hagerty (’49) and in the present 
study, it is not possible to agree with the above authors that 
the ‘‘delayed release of some amino acids during digestion . . . 
cannot be responsible for the failure to produce growth.’’ In 
the first place, only 65% hydrolysis of the zein was obtained 
by Geiger and Hagerty. Secondly, they observed at the same 
time a good growth response to an acid digest of zein in which, 
presumably, 100% of the nitrogen was available to the ani- 
mal as amino nitrogen. 

Similarly, Albanese et al. (’49) observed that digestion of 
zein for 6 hours with pancreatin and trypsin released only 
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one-third of the amino nitrogen released from casein in a 
comparable digestion period. It appears, therefore, that cer- 
tain of the important peptide linkages in zein resist proteolytic 
digestion both in vivo and im vitro. 

It is interesting that low levels of casein supplementation of 
diet B (zein diet with lysine and tryptophan) resulted in a 
growth rate comparable to that obtained with the 25% casein 
diet (diet A). Chemical analysis (Block and Bolling, ’45) shows 
that 5% casein added to diet B provided only 0.2% arginine, 
0.2% ui-threonine, and 0.35% .-valine in addition to the amounts 
already present in the zein. By comparison, supplementation 
with L-arginine, pi-threonine, and pt-valine provided levels 
of the u form of these amino acids in diet B of 0.3%, 0.6%, 
and 0.8%, respectively; yet the growth which resulted from 
such supplementation was below that obtained with the casein 
diet A. The indication is that the rate of release of essential 
amino acids from casein, while faster than that from zein, 
nevertheless approximates more closely the rat’s require- 
ments in terms of optimum physiological utilization for pro- 
tein synthesis and growth than does the rapid absorption 
following the feeding of the free amino acids. Reference to 
table 2 shows that of the essental amino acids, phenylalanine, 
leucine, and isoleucine are present in diet B in amounts far 
in excess of their dietary requirements. Tryptophan, histidine, 
lysine, and cystine may be said to be present in adequate 
amounts, particularly since supplements of these amino acids 
were added to the zein in the basal diet. Valine, threonine, 
and arginine, however, may be considered to be present in 
adequate amounts in zein only if chemical analysis of the 
protein is used as the sole criterion for determining its nu- 
tritive value. Unfortunately, chemical analyses do not take 
cognizance of such factors as rates of hydrolysis under physio- 
logical conditions, rates of absorption, and the importance 
of having all essential amino acids in the diet available to 
the animal for protein synthesis at approximately the same 
time (cf. discussions of amino acid imbalance by Elvehjem 
and Krehl, ’47; and Geiger, ’47). In terms of the present 
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discussion, a more normal complement of essential amino 
acids from the physiological point of view was obtained in 
this experiment when arginine, threonine, and valine were 
added as pure amino acids. 

The fact that the improved growth rate using arginine, 
threonine and valine was nevertheless lower than that ob- 
tained with 25% casein may be explained in part by the ob- 
servation that the rate of release of free amino nitrogen from 
zein in proteolytic digestion is very slow, and that absorption 
of the pure amino acids added to the zein ration was probably 
more rapid than absorption following the release of essential 
amino acids from the zein during its digestion. Thus an 
‘amino acid imbalance’’ could have resulted. 

The possibility that a toxic factor is present in the zein 
must be discarded in view of the evidence that animals fed 
25% zein will nevertheless grow rapidly when a complete 
supplement of the ‘‘essential’’ amino acids is available to 
them. The current study has shown that an adequate amino 
acid supplement can be devised, based on the chemical analy- 
sis of the protein, but that due to the discrepancy between the 
chemical analysis and the physiological value of the zein, 
maximum growth rates cannot be obtained with this supple- 
ment. There is evidence in the literature that this discrepancy 
exists not only for zein but also for gelatin (Krehl et al., 
46a, b), corn gluten (Albanese et al., ’°49) and soybean pro- 
tein (Melnick et al., 46). 

Whether the deficiency symptoms seen as the result of 
feeding lysine-deficient diet C are specific for lysine can better 
be determined after feeding lysine-free diets containing pure 
amino acids as the source of nitrogen rather than lysine-free 
proteins such as zein, which complicate the deficiency syn- 


drome. 
SUMMARY 


1. Zein, even when supplemented to theoretically adequate 
levels with the essential amino acids it does not contain and 
fed in an otherwise adequate diet, does not promote optimum 
growth in young rats. 
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2. Experiments were undertaken in which zein was further 
supplemented with essential amino acids. The simultaneous 
addition of arginine, threonine, and valine resulted in a good, 
though not maximum, growth response. 

3. Similarly, when threonine, valine, and arginine were 
added together to a proteolytic digest of zein, a fair growth 
response was obtained. 

4. These results appear to support the hypothesis that 
zein is not adequately digested by the growing rat, and that 
consequently, even when supplemented with a variety of 
pure amino acids, it does not support a maximum growth 
response, since all the amino acids esential for protein syn- 
thesis are not made available to the animal at the same time. 
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1 Age 90 days, weight 350 gm, casein control diet (diet A) ad libitum. 


2 Age 90 days, weight 144 gm, zein control diet with lysine (diet B) ad libitum. 


3 Age 90 days, weight 61 gm, zein contro] diet with lysine (diet B) pair-fed with lysine- 
deficient animal no. 4. 
4 Age 90 days, weight 36 gm, lvsine-deficient diet (diet C) ad libitum. 
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It is generally considered that requirements for the various 
dietary essentials are higher during the latter half of preg- 
nancy than during non-pregnant periods (Food and Nutrition 
Board of the National Research Council, ’48). The present 
investigation was initiated in order to study the levels of in- 
take of thiamine and riboflavin of primigravidae on self-se- 
lected diets, the corresponding rates of urinary excretion, and 
the test dose returns of these vitamins. 


EXPERIMENTAL PROCEDURE 


Fifteen women,? representing widely different racial, socio- 
economic and educational backgrounds, were studied during 
the latter half of pregnancy. Of these subjects, 13 were primi- 
gravidae, two being classed as gravida II because of previous 
abortions. The women received the usual dietary instructions 
from their physicians and clinic nutritionists. Other than this, 
no attempt was made to influence the selection or the quantity 
of food eaten or the amount of vitamin supplementation. All 
lived in their own homes and continued their normal activities. 

The subjects were taught to weigh their own food, to keep 
accurate records of the amounts consumed, and to save repre- 

* This study was supported in part by a grant from the National Dairy Council 
on behalf of the American Dairy Association. 

* Twelve of the 15 women were patients at The Chicago Lying-in Hospital. 
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sentative samples of approximately one-fourth the amounts 
eaten. These were put in separate containers which were 
collected daily, as was the complete 24-hour urine output. 
In the case of 4 subjects, complete collections of feces, marked 
with carmine at the beginning and end of each period, were 
also made. Acetic acid and toluene were used as preservatives 
for the urine; acetic acid and ethyl alcohol for the feces. 

Fourteen of the subjects were studied for 7-day periods 
during each of the last 5 months and one for a 7-day period 
during each of the last 4 months of pregnancy. At the end of 
each period composites were made of one-fifth of the amount 
of each food consumed and of the complete urinary excretions. 
Aliquots of each were analyzed for thiamine and riboflavin 
and, in the case of 4 subjects, for nitrogen. Weekly composites 
of fecal collections were analyzed for nitrogen. 

Immediately after each 7-day period test doses of approxi- 
mately 20 pg of riboflavin and 20 pg of thiamine * per kilogram 
of body weight were given orally on successive mornings with 
identical breakfasts.‘ On these days 4-hour urine specimens 
were collected. The percentage of the test dose returned was 
calculated after deducting the amount of the vitamin excreted 
during a 4-hour control collection made after a similar break- 
fast on the day preceding the administration of the first test 
dose. 

The method of Hennessy and Cerecedo (’39) was used in the 
determination of thiamine in food composites; the method of 
Mickelsen, Condiff and Keys (’45) in urine samples. The 
microbiological method of Snell and Strong (’39), with certain 
modifications (Association of Vitamin Chemists, ’47), was 
used for all riboflavin analyses. Total nitrogen was determined 
by the Kjeldahl method. Average daily intakes of nutrients 

* The synthetic vitamins were generously supplied by Merck and Company. 


*In cases when niacinamide test doses were given, the riboflavin test dose was 
given the first day, the niacinamide the second and the thiamine the third day 


immediately following the 7-day period. 
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other than thiamine and riboflavin were calculated for each 
period, using values published by the U.S. Department of 
Agriculture (’45) and by Taylor (742). 


RESULTS AND DISCUSSION 
Average daily intakes of different nutrients 

The weights of the subjects and the range of intakes of the 
different nutrients are presented in table 1. It will be noted 
that no diet met the allowances recommended by the Food 
and Nutrition Board of The National Research Council (’48) 
in all respects and during all periods. 

Although the daily caloric intakes of subjects 1 and 5 ap- 
proached the recommended 2,400 cal., the intakes of the re- 
mainder of the group were definitely lower, the average intake 
for the entire group being approximately 1,450 cal. per day. 
However, if the extremely low intakes of subjects 12, 13, 14 
and 15 are disregarded, the average for subjects 1 through 11 
is approximately 1,850 cal. 

Subjects 12 through 15 were selected because interviews 
with the clinic nutritionist had indicated that their diets had 
been and would continue to be low in thiamine and riboflavin. 
These women neither drank milk nor ate eggs and meat in any 
but very small quantities. They also limited their carbohy- 
drate intakes to avoid excessive weight gains. As a result, 
their caloric intakes averaged 1,000, 1,100, 750 and 500, re- 
spectively. Although weight gains on such intakes cannot be 
explained, other investigators (Winters and Leslie, 43; Ohl- 
son et al., 48) studying the self-selected diets of women have 
encountered extremely low caloric intakes coupled with a 
failure to observe that the subjects were underweight. 

The average daily protein intakes for the different subjects 
ranged from 10 to 124 gm, with those of only 5 subjects (1, 2, 
5, 6, 7) meeting the suggested allowance. The nitrogen bal- 
ances of 11 subjects are shown in table 2. Subject 15, with a 
daily protein intake which averaged 14 gm, was in negative 
nitrogen balance in every period, with an average daily nitro- 
gen loss of 5.1 gm; subject 14, with a daily protein intake 
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which averaged 29 gm, was in negative nitrogen balance in 
three out of 5 periods, which made her daily nitrogen loss 
average 0.8gm. With one exception, the 5 subjects (3, 9, 11, 
12, 13) whose daily protein intakes averaged from 36 to 65 gm 
had average nitrogen balances which ranged between — 0.5 
and + 0.5 gm per day. The 4 subjects (4, 6, 7, 8) whose daily 
protein intakes averaged 67 gm or more stored over 1 gm of 
nitrogen per day, an amount which over a 5-month interval is 
more than sufficient to compensate for nitrogen loss on the 
day of delivery (Hunscher et al., °35). When these nitrogen 
balances were compared with the corresponding weight gains, 
discrepancies were observed in the case of certain subjects. 
Therefore, although these balances can be used as a general 
indication of the status of these individuals in regard to pro- 
tein, they cannot be used to calculate protoplasmic mass. 

The dietary calcium intakes of only two subjects (2, 6) met 
the recommended allowance; the average daily intakes, includ- 
ing supplementation, ranged from 0.1 to 2.7 gm. The dietary 
iron intakes of only three subjects (2, 5, 7) met the recom- 
mended allowance; the average daily intakes, including 
supplementation, ranged from 4 to 120 mg. 

The diets of subjects 1 through 10 met the recommended 
allowance for vitamin A and in addition 6 of these subjects 
received supplements of this vitamin. The diets of subjects 11 
through 15 did not meet the recommended allowance for vita- 
min A but three of these subjects received sufficient supple- 
mentation to bring their average daily intakes to 6,000 LU. 
Therefore, only two subjects had vitamin A intakes which 
failed to meet the recommended allowance. 

Only three subjects did not supplement their diets with at 
least 300 I.U. of vitamin D. One of the three (6) consistently 
drank enough irradiated milk to supply 350 I.U. per day; the 
other two (14, 15) used practically no milk and therefore had 
no appreciable food source of vitamin D. 

The dietary ascorbic acid intakes of 5 subjects (1, 2, 5, 7, 
10) met the recommended allowance. The average daily in- 
takes, including supplementation, ranged from 5 to 818 mg. 
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None of the subjects had a dietary thiamine intake which 
met the recommended allowance during all 5 periods. How- 
ever, when supplementation is included, subjects 1 through 5 
were receiving more than 1.5 mg per average day. The aver- 
age intakes, including supplementation, ranged from 0.4 to 
19.2 mg per day. On the other hand, the dietary riboflavin in- 
takes of 4 subjects (2, 5, 6, 7), all of whom drank at least three 
glasses of milk per day, met the recommended allowance. 
When supplementation is included, three additional subjects 
(1, 3, 4) also had intakes of 2.5mg or more. The average 
daily riboflavin intakes, including supplementation, ranged 
from 0.2 to 20.3 mg. In the case of niacin, the dietary intake 
of 7 subjects (1, 2, 5, 6, 7, 8, 9) and, when supplementation is 
included, of two additional subjects (3, 4), met the recom- 
mended allowance. The average daily niacin intakes, includ- 
ing supplementation, ranged from 4 to 86 mg. 

In general, the diets of all subjects were definitely lower 
than the suggested allowances for calories and the diets of 
only 5 of the 15 (1, 2, 5, 6, 7) approached the suggested al- 
lewances for essential nutrients. 


Course of pregnancies and condition of infants 


The course of pregnancy in all cases was uneventful, and 
the deliveries were normal. The 12 infants delivered at the 
Chicago Lying-in Hospital were examined by the pediatrician 
and all found to be free from defects. Although records of the 
three other infants were not available to us, there was no in- 
dication of any abnormalities whatsoever. Furthermore, no 
deviations from the normal were noted in the x-rays of the 4 
infants whose mothers had the poorest diets. 

The birth lengths and weights of the infants showed no cor- 
relation with the quality of the diets of the mothers, notwith- 
standing the fact that these diets differed greatly in nutritive 
value. When the diets were evaluated by the method of Burke 
and Stuart (’38), those of 8 subjects (1 through 8) were rated 
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as excellent or good; those of the other 7 as fair, poor or very 
poor. The average birth lengths of the infants of these two 
groups were 50.4 and 50.6 em respectively; the corresponding 
average birth weights, 3,145 and 3,499 gm. When the diets 
were evaluated on the basis of protein content only, using the 
standards of Burke et al. (’48¢), those of 6 subjects (1, 2, 5, 
6, 7, 8) were rated as excellent or good; those of the other 9 as 
fair to very poor. The average birth lengths of the infants of 
these two groups were 50.2 and 50.7 em, respectively; the cor- 
responding average birth weights, 3,142 and 3,422 gm. 

A follow-up study made on 14 of the infants when they were 
from 6 months to three years of age showed that all were in 
good health and had had no serious illnesses of any kind, with 
the possible exception of one who was under observation for a 
suspected allergic condition. The group as a whole had made 
132% of its expected gain in weight and 113% of its expected 
gain in height when compared with Woodbury’s standards 
(721). No relationship could be found between the growth of 
the infants and the quality of the mothers’ diets during preg- 
nancy. 

It was not the objective of this study to determine the effect 
of diet on the course of pregnancy and the condition of the 
infant. However, it is worth noting that the results are 
similar to those obtained by Sontag and Wines (’47), Brze- 
zinski et al. (47), Northrop and Piper (’47) and Dieckmann 
et al. (’48), and are not in accord with those of Ebbs et al. 
(’41) and Burke et al. (’438a, b, ¢). 

Because of the limited number of subjects studied, these 
results do not justify the conclusion that the diet of the mother 
during pregnancy has no effect on the development of the in- 
fant or the health of the mother. It should also be kept in 
mind that since the subjects of the present study were primi- 
gravidae, these results do not measure the cumulative effects 
of such diets in the case of more than one pregnancy. How- 
ever, if the prenatal diet did have an effect in the case of 
these subjects, more rigorous criteria would have been re- 
quired for its demonstration. 
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Thiamine and riboflavin utilization 


The average daily thiamine and riboflavin intakes and ex- 
cretions are presented in table 2. The excretions of both vita- 
mins increased directly with increased intakes, as is shown by 
a correlation coefficient of 0.98 for thiamine and 0.99 for ribo- 
flavin. There was no consistent decrease in the daily thiamine 
excretions with advancing pregnancy, as was reported by 
Siddall and Mull (745). 

Both urinary thiamine and riboflavin excretions of the 5 
subjects who supplemented their diets with synthetic vitamins 
indicated that their intakes obviously exceeded their needs. 
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Fig. 1 Average daily intakes and excretions of thiamine. 


Therefore, only the data from the 10 subjects who used no 
supplementary vitamins are included in the discussion which 
follows. 

When thiamine excretions were plotted against thiamine 
intakes, a linear relationship was obvious (fig. 1). If the 
‘point of minimum excretion’’ designated by Holt et al. (’49) 
was attained, the data below that point were too limited to 
permit its demonstration. This is not surprising, since these 
authors state that the point of minimum excretion in adult 
subjects previously studied in their laboratory was reached 
when the thiamine intake was 0.6 mg per day; in the present 
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study relatively few of the subjects had intakes below this 
amount. 

A comparison of the urinary thiamine excretions of these 
pregnant women with those found by Hathaway and Strom 
(’46) in non-pregnant women of comparable ages on natural 
diets and by Oldham et al. (’46) and Daum et al. (’48) shows 
that on all intakes of less than 1 mg per day the pregnant 
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Fig. 2 Average daily riboflavin intakes and excretions of primigravidae. 


women were excreting from two to three times as much thia- 
mine as the non-pregnant women on similar intakes. A pos- 
sible explanation for this is the fact that the thiamine intakes, 
when expressed as milligrams per 1,000 cal., are at least as 
high and for the most part relatively much higher in the case 
of the pregnant women with low thiamine intakes than in the 
non-pregnant women with similar thiamine intakes. 

The percentage returns of oral test doses of approximately 
1 mg of thiamine are shown in table 2. The returns of subjects 
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who supplemented their diets were higher in every case than 
those of subjects who did not. In general, the responses were 
of the same magnitude as those found by Oldham et al. (’46) 
in non-pregnant women on similar intakes. A definite decrease 
in the percentage of the test dose returned with advancing 
pregnancy, which might have been expected according to the 
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Fig. 3 A comparison of regression lines representing data from primigravidae 
and from non-pregnant women; average daily riboflavin intakes and excretions of 
non-pregnant women. 


reports of Lockhart et al. (’43) and Darby et al. (’48), was 
noted in only 4 subjects (6, 8, 14, 15). 

Since the test dose returns were similar to those of non- 
pregnant women, with no consistent decrease as pregnancy 
advanced, and since the average daily excretions on intakes 
below 1 mg were significantly higher than those of non-preg- 
nant women, these data offer no evidence that there is an in- 
creased need for thiamine during a normal pregnancy. 
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When riboflavin excretions were plotted against riboflavin 
intakes, there appeared to be two population groups, one con- 
sisting of the 4 subjects (12, 13, 14, 15) with the poorest diets, 
the other of the remainder of the non-supplemented group (6, 
7, 8, 9, 10, 11). Regression lines drawn for these two groups 
according to the equation y =a + bx had significantly differ- 
ent slopes (t 5.62) and intersected at an intake of approxi- 
mately 900 ug (fig. 2). Since it is known that riboflavin 
excretion is relatively high during periods of nitrogen loss 
(Oldham et al., ’47), it is possible that the slope of line A may 
have been influenced by the relatively large number of negative 
nitrogen balances obtaining in this group. However, it is 
obvious that even if the riboflavin excretions had been lower, 
the slope of line A would have been changed only slightly and 
that we have reached the ‘‘point of minimum excretion.’’ 

When the data of Davis et al. (’46) on non-pregnant women 
of comparable ages were treated similarly there was also 
evidence of two population groups, and when regression lines 
were drawn the slopes were significantly different (t = 3.41; 
fig. 3). These lines also intersected at approximately 900 ug. 
The slopes of the corresponding lines (A and B, A’ and B’) 
representing data from the two studies did not differ signifi- 
vantly. 

Brewer et al. (’46), studying young non-pregnant women, 
reported a sharp increase in riboflavin excretion on intakes of 
over 2 mg, as contrasted with a gradual increase on lower in- 
takes. Regression lines for the data from these two groups, 
however, intersected at approximately 1.4mg. The discrep- 
ancy between these data and those of Davis et al. (’46) appears 
to be due to the fact that Davis’ subjects showed a sharp in- 
crease in excretions on intakes of 1.2 mg, whereas Brewer’s 
subjects did not show such an increase until the intakes were 
higher. Unfortunately, practically none of the subjects of the 
present study had intakes of this particular magnitude. 

The percentage return of riboflavin test doses increased with 
increasing intakes. As was the case with thiamine, definite 
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decreases with advancing pregnancy were not found con- 
sistently. 

Since the riboflavin test dose returns showed no indication 
of an increased need for riboflavin with advancing pregnancy, 
and since the point of minimum excretion of riboflavin in the 
ease of pregnant women was attained on intakes which were 
no higher than those found for non-pregnant women, it ap- 
pears that the utilization of riboflavin in normal pregnant 
women does not differ from that in the non-pregnant. 


SUMMARY 


The thiamine and riboflavin intakes, excretions and test 
dose returns of 15 pregnant women on self-selected diets were 
determined. Intakes of other nutrients were calculated. 

With the exception of calories, the intakes of 5 subjects 
approximated the recommended allowances of the Food and 
Nutrition Board of the National Research Council. The in- 
takes of all nutrients by the remainder of the group were defi- 
nitely below the recommended allowances, with 4 of the 
subjects having extremely poor diets. 

The course of the pregnancies, the condition of the infants 
at birth, and the postnatal development of the infants did not 
appear to be correlated with the quality of the prenatal diets 
of the mothers. 

When compared with data on non-pregnant women on simi- 
lar intakes, neither the returns of thiamine and riboflavin test 
doses nor the daily excretions of these vitamins indicated an 
increased need for them during a normal pregnancy. 


ACKNOWLEDGMENTS 


We wish to express our appreciation for the cooperation of 
Dr. W. J. Dieckmann and Miss Ella Jane Meiller of the Chi- 
cago Lying-in Hospital. The technical assistance of Elsie 
O’R. Sears and Mildred M. Flaska is also gratefully acknowl- 
edged. 

















244 H. OLDHAM, B. B. SHEFT AND T. PORTER 


LITERATURE CITED 


ASSOCIATION OF VITAMIN CHEMISTS 1947 Methods of Vitamin Assay. Inter- 
science Publishers, Inc., New York. 

Brewer, W., T. Porter, R. INGALLS AND M. A. OHLSON 1946 The urinary ex- 
eretion of riboflavin by college women. J. Nutrition, 32: 583. 

BRZEZINSKI, A., Y. M. BRoMBERG AND K. Braun 1947 Riboflavin deficiency in 
pregnancy. Its relationship to the course of pregnancy and to the con- 
dition of the foetus. J. Obst. Gyn. Brit. Empire, 54: 182. 

Burke, B. 8., V. A. Beau, S. B. Ktrkwoop anp H. C. Stuart 1943a Nutrition 
studies during pregnancy. Am. J. Obst., 46: 38. 

——————_ 1943b__ The influence of nutrition during pregnancy upon the condi- 
tion of the infant at birth. J. Nutrition, 26: 569. 

Burke, B. 8., V. V. Harpine AND H. C. Stuart 1943¢e Nutrition studies during 
pregnancy. IV. Relation of protein content of mother’s diet during 
pregnancy to birth length, birth weight and condition of infant at birth. 
J. Pediat., 23: 506. 

Burke, B. 8.,anpD H.C. Stuart 1938 A method of diet analysis. Ibid., 12: 493. 

Darsy, W. J., R. O. CANNON AND M. N. Kaser 1948 The biochemical assessment 
of nutritional status during pregnancy. Obst. Gyn. Survey, 3: 704. 

Daum, K., W. W. TuTTLe, M. WILson AND H. Rwoaps 1948 Influence of various 
levels of thiamine intake on physiologic response. II. Urinary excretion 
of thiamine. J. Am. Diet. Assn., 24: 1049. 

Davis, M. V., H. G. OLDHAM AND L. J. Roperts 1946 Riboflavin excretions of 
young women on diets containing varying levels of the B vitamins. J. 
Nutrition, 32: 143. 

DIECKMANN, W. J., D. F. TurRNeR, E. J. MEILLER, M. T. Strauss, K. B. Gross- 
NICKLE, R. E. Portincer, A. J. Hiuu, L. J. Savage, J. B. Forman, H. 
D. Prippie, E. 8. BeckeTTeE AND E. M. ScHUMACHER 1948 Diet 
studies in pregnant patients. Obst. Gyn. Survey, 3: 731. 

Esss, J. H., F. F. Tispatt AND W. A. Scorr 1941 The influence of prenatal diet 
on the mother and child. J. Nutrition, 22: 515. 

FoopD AND NUTRITION BoaRD, NATIONAL RESEARCH CoUNCIL 1948 Recommended 
Dietary Allowances, Rev. Circular Series 129. 

HaTHaway, M. L., AND J. E. Strom 1946 A comparison of thiamine synthesis 
and excretion in human subjects on synthetic and natural diets. J. 
Nutrition, 32; 1. 

HENNESSY, D. J., AND L. R. CERECEDO 1939 The determination of free and phos- 
phorylated thiamine by a modified thiochrome assay. J. Am. Chem. 
Soe., 61: 179. 

Hott, L. E., Jr., R. L. Nemir, 8. E. SNYDERMAN, A. A. ALBANESE, K. C. Ketron, 
L. P. Guy AND R. CARRETERO 1949 The thiamine requirement of the 
normal infant. J. Nutrition, 37: 53. 

Hunscuer, H. A., F. C. HUMMELL, B. N. Erickson AND I.G. Macy 1935 Metab- 
olism of women during the reproductive cycle. VI. A case study of the 
continuous nitrogen utilization of a multipara during pregnancy. Ibid., 
10: 579. 

















THIAMINE AND RIBOFLAVIN IN PREGNANCY 245 


LocxuHart, H. 8., 8. Kirnkwoop AnD R. S. Harris 1943 The effect of pregnancy 
and puerperium on the thiamine status of women. Am. J. Obst., 46: 
358. 

MICKELSEN, O., H. ConpIrF AND A. Krys 1945 The determination of thiamine 
in urine by means of the thiochrome technique. J. Biol. Chem., 160: 
361. 

NortTHroP, M. W., AnD G. M. Piper 1947 A study of diets of patients in a pre- 
natal clinic with an attempt to correlate dietary adequacy with physical 
findings. Northwest Med., 46: 294. 

On tson, M. A., P. H. Roperts, 8. A. JOSEPH AND P. M. NELSON 1948 Dietary 
practices of 100 women from 40 to 75 years of age. J. Am. Diet Assn., 
24: 286. 

O_pHAM, H. G., M. V. Davis anp L. J. Roperts 1946 Thiamine excretions and 
blood levels of young women on diets containing varying levels of the 
B vitamins, with some observations on niacin and pantothenic acid. J. 
Nutrition, 32: 163. 

OLDHAM, H., E. LoUNDs AND T. PorTeR 1947 Riboflavin excretions and test dose 
returns of young women during periods of positive and negative nitro- 
gen balance. Ibid., 34: 69. 

SIDDALL, A. C., AND J. W. MuLL 1945 Thiamine status during pregnancy. Am. 
J. Obst., 49: 672. 

SNELL, E. E., AnD F. M. Strona 1939 A microbiological assay for riboflavin. 
Ind. Eng. Chem., Anal. Ed., 11: 346. 

Sontac, L. W., AND J. WINES 1947 Relation of mothers’ diets to status of their 
infants at birth and in infancy. Am. J. Obst., 54: 994. 

TayLor, C. M. 1942 Food Values in Shares and Weights. The Macmillan Com- 
pany, New York. 

UniTepD STATES DEPARTMENT OF AGRICULTURE 1945 Tables of Food Composition. 
Mise. Publ. no. 572. 

WINTERS, J. C., AND R. E. LEstig 1943 A study of the diet and nutritional status 
of women in a low-income population group. J. Nutrition, 26: 443. 

Woopsury, R. M. 1921 Statures and Weights of Children Under Six Years of 

Age. Children’s Bureau, U.S. Dept. of Labor, Bull. 87. 




















CORRELATION OF URINARY EXCRETION 
OF RIBOFLAVIN WITH DIETARY 
INTAKE AND SYMPTOMS OF 
ARIBOFLAVINOSIS ! 
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When a metabolic test to determine an early deficiency of a 
specific vitamin is not feasible, one must rely upon data ob- 
tained from the analyses of urine samples in order to estimate 
the nutritional state of the individual. During the past 6 
years, this laboratory has accumulated data on urinary excre- 
tion at 8 dietary levels of riboflavin intake. These were ob- 
tained on 24-hour samples and on samples obtained during the 
4-hour period following subcutaneous administration of 1 mg 
of riboflavin. The use of larger amounts of riboflavin as a 
test dose cannot be recommended (Williams, Mason, Cusick 
and Wilder, ’43). 

The urinary output of riboflavin by individuals on diets 
containing varying surpluses of riboflavin varied greatly, but 
as the intake of riboflavin was reduced these variations be- 
came smaller and at very low levels of intake the amounts 

* Data obtained during the tenure of grants from The Josiah Macy, Jr., Founda- 
tion, The Milbank Memorial Fund, The National Vitamin Foundation and the U.S. 
Public Health Service. Sponsored by the National Research Council, Food and 
Nutrition Board, Committee on Vitamin Deficiency Studies at Elgin State Hospital: 
Dr. R. M. Wilder, Chairman; Dr. E. S. G. Barron, Dr. C. A. Elvehjem, Dr. M. K. 
Horwitt, Dr. A. C. Ivy, Dr. E. Liebert, Dr. D. L. Steinberg, Dr. D. Vail and Dr. 
Ray D. Williams. 

*U.8. Public Health Service Senior Fellow, 1947. 
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CORRELATION OF URINARY EXCRETION 
OF RIBOFLAVIN WITH DIETARY 
INTAKE AND SYMPTOMS OF 
ARIBOFLAVINOSIS ! 
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When a metabolic test to determine an early deficiency of a 
specific vitamin is not feasible, one must rely upon data ob- 
tained from the analyses of urine samples in order to estimate 
the nutritional state of the individual. During the past 6 
years, this laboratory has accumulated data on urinary excre- 
tion at 8 dietary levels of riboflavin intake. These were ob- 
tained on 24-hour samples and on samples obtained during the 
4-hour period following subcutaneous administration of 1 mg 
of riboflavin. The use of larger amounts of riboflavin as a 
test dose cannot be recommended (Williams, Mason, Cusick 
and Wilder, ’43). 

The urinary output of riboflavin by individuals on diets 
containing varying surpluses of riboflavin varied greatly, but 
as the intake of riboflavin was reduced these variations be- 
came smaller and at very low levels of intake the amounts 

* Data obtained during the tenure of grants from The Josiah Macy, Jr., Founda- 
tion, The Milbank Memorial Fund, The National Vitamin Foundation and the U.S. 
Public Health Service. Sponsored by the National Research Council, Food and 
Nutrition Board, Committee on Vitamin Deficiency Studies at Elgin State Hospital: 
Dr. R. M. Wilder, Chairman; Dr. E. S. G. Barron, Dr. C. A. Elvehjem, Dr. M. K. 


Horwitt, Dr. A. C. Ivy, Dr. E. Liebert, Dr. D. L. Steinberg, Dr. D. Vail and Dr. 
Ray D. Williams. 


*U.8. Public Health Service Senior Fellow, 1947. 
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excreted became quite uniform. Thus the per cent of ingested 
riboflavin excreted can be correlated with the adequacy of the 
amount of riboflavin in the diet. 


EXPERIMENTAL 


The 5 basal diets used during the periods when urine was 
collected for these studies provided amounts of riboflavin 
ranging from 0.55 to 1.6mg per day. These diets when sup- 
plemented served as examples of higher levels of riboflavin 
intake. Table 1 summarizes the thiamine and riboflavin con- 
tent of the diets to be discussed. Group A refers to subjects on 
a depleted diet, group B to subjects who were supplemented at 
the beginning of an experiment, and group C to subjects who 
ate the regular hospital diet. 

Our nutritional research of the past 6 years can be divided 
into two main phases: the first was concerned with a study of 
human thiamine and riboflavin requirements, with emphasis 
on the thiamine requirement; the second was devoted ex- 
clusively to a study of riboflavin. 

In the first project (Horwitt, Liebert, Kreisler and Wittman, 
48) 36 male patients were divided into three groups desig- 
nated as groups A, B and C, respectively, on June 6, 1943. 
Each person in the A group received a daily diet containing 
approximately 2,200 calories. This diet contained about 0.4 
mg of thiamine and 0.85 mg of riboflavin. The subjects in the 
B group received the same diet except that a daily supplement 
of a special yeast extract was given which contained approxi- 
mately 6 mg of thiamine and 1.3 mg of riboflavin. The mem- 
bers of the C group received the regular hospital diet, which 
contained about 1 mg of thiamine and 1.6 mg of riboflavin. At 
the end of the second year (June 5, 1945), the basal diet of 
the B group was changed by further restricting the meat and 
flour allotment. The yeast supplement was withdrawn from 
this group at that time, so that the diet then provided only 
0.2 mg of thiamine and 0.75 mg of riboflavin. 

Supplementation with riboflavin of most of the subjects 
who had received 0.75 and 0.85 mg of riboflavin per day was 
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accomplished by giving the yeast extract referred to above, 
thus providing 1.3 mg of riboflavin. This raised the daily ribo- 
flavin intake to 2.05 and 2.15 mg per day, respectively. The 
dates of supplementation extended from November 1945 to 
September 1946. 

The diets used in the second project were planned to be 
complete in all members of the vitamin B complex except ribo- 
flavin. The choice of subjects and the extent of the dietary 
control are described by Horwitt, Sampson, Hills and Stein- 
berg (’49) and Horwitt, Hills, Harvey, Liebert and Steinberg 
(°49). A diet providing 1.1 mg of riboflavin per day was fed 
for a three-month period (February to May 1947) to 30 male 
subjects. Fifteen of these subjects were then placed on a diet 
which provided 2,200 calories, 57 gm of protein, 65 gm of fat 
and 0.55 mg of riboflavin. This schedule was adhered to for 
periods ranging from 9 to 17 months. At the same time, 14 of 
the original subjects were fed the same diet plus a supplement 
of 2mg of riboflavin per day (total 2.55 mg). This supple- 
mentation was continued for 15 months, at which time (July 
1948) the supplement was increased to 3mg of riboflavin 
(total 3.55 mg per day). 

In an effort to learn something about the rate at which tis- 
sues depleted of riboflavin can be saturated, different amounts 
of riboflavin were given to subjects on the 0.55-mg diet at the 
termination of their depletion periods. Accordingly, 4 sub- 
jects received 6 mg once a day, three subjects received 2 mg 
twice a day, 4 subjects received 2 mg once a day, and three 
subjects received 2 mg three times a day. 

All urine samples were collected in brown glass bottles which 
contained 5 ml of glacial acetic acid and a few milliliters of 
toluene. The urine was protected from light during handling 
and stored in a refrigerator until analyzed. In recent years we 
have used the methods of determining riboflavin in urine de- 
veloped by Roberts and Snell (’46) for the microbiological 
and Slater and Morell (’46) for the fluorometric determina- 
tions. Prior to 1946 most urine analyses were made according 
to the microbiological method of Snell and Strong (’39). The 
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effects of urea on the microbiological analysis were controlled 
in the present work (Isbell, Wooley and Fraser, ’41). 

The clinical evaluations of the symptoms of ariboflavinosis 
observed have been summarized elsewhere (Horwitt, Hills, 
Harvey, Liebert and Steinberg, ’49). 


RESULTS 


Since study of the diet which provided 0.55 mg of riboflavin 
per day produced incontrovertible signs of riboflavin defi- 
ciency, the urinary data obtained during this study will be 
discussed in some detail. Tables 2 and 3 give the individual 
results of the 24-hour and 4-hour excretions, respectively, of 
the subjects who were on this diet. The data obtained during 
the preliminary period, after the subjects had been on the 
1.1-mg diet for three months, are included in each table. The 
volumes of urine obtained in each sample are also listed in 
these tables for comparison with the data reported by Feder, 
Lewis and Alden (’44), who claimed that amounts of riboflavin 
per milliliter of urine show less variation than the total 
amounts excreted. 


24-hour urinary excretions on 0.55-mg diet and after 
supplementation with 6 mg of riboflavin per day 


At the time the subjects were being selected (February 1947) 
the average hospital patient was excreting approximately 
400 ug of riboflavin per day. At the end of the preliminary 
period (February to May 1947), during which the subjects had 
been on a diet which provided 1.1 mg of riboflavin per day, 
those subjects selected to be members of the A group excreted 
an average of 112 + 75ug of riboflavin per day (table 2). 
Seven days after the experimental diet (0.55 mg per day) was 
started, the A group average dropped to a figure of 49 + 19 pg 
per day, which persisted for many months. This would indi- 
cate that no riboflavin reserve could have been retained or 
accumulated during the three months on the diet of 1.1 mg of 
riboflavin per day. After 9 months on the A group diet, an 
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TABLE 3 


Urinary excretion of riboflavin during the 4 hours after the subcutaneous administration 
of 1mg of riboflavin 
Duration of diet 
in weeks at 





time of analysis 13 ~ 87 70 74-80 
Riboflavin i 
intake, mg/day 1.1 0.55 0.55 0.55 0.55 
Date 4 23/47 6/29/47 : 1/19/48 8/13/48 9/2/48 to 10/26/48 
SUBJECT ml ug ml ug ml ; ae ml ag ml "a 
Al 640 48 195 18 575 14 
2 450 49 335 14 630 14 740 13 
3 280 48 150 10 465 11 
4 975 92 220 20 480 22 300 16 653 20 
5 710 84 95 8 290 6 
6 315 14 80 12 655 23 780 12 540 5 
7 255 130 365 20 550 16 700 17 800 33 
8 300 31 370 13 210 17 
9 700 99 110 26 620 30 380 29 565 6 
10 450 3 300 14 665 16 100 5 345 6 
1] 735 103 545 49 790 16 680 24 730 6 
12 210 69 125 14 590 14 620 9 200 6 
3 510 94 88 56 180 28 480 13 520 20 
14 400 165 460 51 1,010 25 280 30 670 40 
15 605 131 120 20 600 26 650 10 880 2 
Average 81 23 18 16 14 
Standard 
deviation + 40 + 15 7 +8 + 13 





Duration of diet 
in weeks at 








time of analysis 13 8 37 70 
Riboflavin 
intake, mg/day 1.1 2.55 2.55 3.55 4 
Date 4/23/47 6/29/47 1/19/48 8/13/48 
y SUBJECT ml “ug ml ug ml ag ml ug 
1 690 102 250 268 660 242 300 271 
2 522 29 110 226 
3 220 87 120 305 490 300 680 392 
4 85 450 600 298 440 562 
5 450 82 205 325 705 204 600 454 
6 500 50 
7 110 43 170 195 215 255 870 324 
8 210 42 195 224 925 164 860 382 
9 590 68 450 112 780 419 500 302 
10 715 43 410 1,056 900 408 
ll 250 73 260 194 525 240 850 420 
12 260 28 300 178 490 284 500 238 
13 315 46 360 182 380 202 790 387 
14 624 49 310 432 215 289 
Average 57 319 275 373 
Standard 


deviation + 22 + 233 +74 + 90 


* Supplement increased after 62 weeks on 2.55-mg intake of riboflavin. 
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average excretion of 37 + 6yg per day was recorded and no 
further significant change was obtained during the following 
8 months of the depletion period. 

The individual results obtained during the last weeks on the 
preliminary diet of 1.1 mg per day may be significant. Before 
the feeding of the 0.55-mg diet was started, the 15 subjects in 
the A group excreted, as was stated, an average of 112 + 75 ug 
per day. Only 4 of these subjects had excretions which were 
equal to or higher than the average. At that time these sub- 
jects, Al, A4, A5 and A8, excreted daily 330, 145, 250 and 112 
ug of riboflavin, respectively. The excretions of these subjects 
in later months were not significantly different from those of 
the other subjects in the A group, but the first three subjects 
to show any clinical signs of riboflavin deficiency were Al, A5 
and A8. In other words, the three subjects who showed the 
earliest and most obvious clinical signs (traumatic changes in 
the skin around the oral angles and severe inflammation of the 
scrotum) had excreted a larger proportion of the riboflavin 
ingested during the period on the 1.1-mg diet than the average 
of their group. Whether this is a coincidence or a significant 
observation remains to be determined. Also of possible sig- 
nificance is the fact that all three of these subjects had auburn 
beards, which raises the question of individual variability due 
to differences in texture of the skin. 

When it became advisable to expedite the recovery of the 
three subjects on the 0.55-mg diet who had developed the 
earliest skin lesions, they were supplemented with three 2-mg 
tablets of riboflavin once a day. On this therapy, which clini- 
cally was spectacularly efficacious, the daily urinary excretions 
increased very rapidly. Thus, for example, subject A5, who 
was supplemented on March Ist, starting at an excretion level 
of 33 ug per day, increased his excretion after one day on the 
6-mg supplement to 1,100 pg and after 8 days to 2,590 ug of 
riboflavin. Interim samples were not obtained on subject Al, 
but after 10 weeks of supplementation he excreted 3,200 ug in 
24 hours. Subject A8 excreted 2,030 ug after only 4 days of 
supplementation. That the ingestion of large amounts of water 
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will increase the excretion of riboflavin when it is supplied in 
excess of requirements was frequently observed. For example, 
subject A8 on the 17th day of supplementation excreted 3,900 
ug with a urine volume of 3,420 ml, and 6 days later, when the 
24-hour urine volume had dropped to 850 ml, only 1,870 ug. A 
similar correlation between the amounts of urine and ribo- 
flavin excreted was not apparent when the diet was low.in 
riboflavin (see table 2). 


Urinary excretion during 4 hours following subcutaneous 
administration of 1 mg of riboflavin to subjects when 
on a 0.55-mg diet and after supplementation 
with varying amounts of riboflavin 


After the three-month preliminary period on the diet con- 
taining 1.1 mg of riboflavin per day, the 4-hour excretion test 
gave results (table 3) that averaged 81 + 40 ug of riboflavin 
for the subjects who were to go on the 0.55-mg diet and 57 + 
22 ug for the subjects who were to receive the 2-mg supple- 
ment. These averages may be compared with the average of 
208 + 72 ug for the group which had been receiving a diet 
containing approximately 1.6 mg of riboflavin per day. This 
indicates that a marked difference in the urinary excretion of 
ingested riboflavin occurs somewhere between intakes of 1.1 
and 1.6 mg of riboflavin per day. The desire to keep the intake 
of riboflavin constant during the depletion periods resulted in 
relatively few 4-hour tests being scheduled until after the final 
supplementations were started. Therefore, this test was not 
performed again until after the diet containing 0.55 mg per 
day had been fed for 8 weeks. At that time, the 4-hour excre- 
tion of the subjects on the 0.55-mg diet had dropped to an 
average of 23 + 15 ug, while the average of the control group 
who were receiving the same diet plus a 2-mg supplement had 
risen to 319 + 233 ug. 

To determine whether or not the tissues can absorb ribo- 
flavin more efficiently when smaller or divided doses are given, 
10 subjects from the group which had been on the 0.55-mg diet 
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for 16 months were supplemented as follows: 4 subjects were 
given 2 mg once a day, three subjects 2 mg twice a day, and 
three subjects 2 mg three times a day. All of these subjects 
had dropped to approximately the same 4-hour excretion level 
of 16+ 8yg during the 16th month of the depletion diet. 
(The analytical accuracy of data on urine samples showing 
less than 15 pg of riboflavin is questionable.) Relatively little 
difference was obtained among the 4-hour excretions at these 
three levels up to the 4th day, when the averages were 53 + 34, 
117 + 86 and 53 + 11 ug for the groups receiving 2 mg, 4 mg 
and 6 mg, respectively. In later analyses the amounts of the 
ingested riboflavin excreted were proportional to the size of 
the daily dose administered. Those who were supplemented 
with only 2 mg of riboflavin took 38 days to attain a peak ex- 
cretion of 320 + 28 ug. (The control group, which had been 
supplemented with 2 mg of riboflavin, had attained a similar 
average of 319 yg. See table 2.) Those depleted subjects who 
received 2 mg twice a day reached a maximum of 399 + 144 pg 
in 25 days, and those receiving 2 mg three times a day reached 
a maximum 4-hour excretion of 565 + 125 ug within 15 days. 
Unfortunately, only one subject (A2) was continued on this 
test after obtaining 6 mg of riboflavin in one dose (20 hours 
before the test of urine excretion). This subject reached an 
excretion level of 240 ug in 4 days. This fact, combined with 
the observation that the three other daily doses used were not 
more effective in increasing the riboflavin excretion during 
the first 4 days, leaves the impression that a single dose of 
6 mg of riboflavin is as effective for therapeutic purposes as 
three 2-mg doses, given at 4-hour intervals, during the im- 
portant early periods of supplementation. 


Urinary excretion of riboflavin at other 

levels of riboflavin intake 
The average 24-hour urinary excretion of 42 subjects who 
were eating the hospital diet which contained approximately 
1.6 mg of riboflavin was 434 + 185 pg. The excretion obtained 
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after the 4-hour test on 42 subjects receiving this diet was 
227 + 140 ug. 

The average 24-hour excretion of 12 subjects who were 
changed from a diet providing 1.6 mg riboflavin to one con- 
taining 0.85 mg (Horwitt et al., 48) dropped from 399 + 138 
ug to 133 + 52 pg in 10 weeks. Four weeks later the average 
daily excretion attained the plateau level of 76 + 38 pg, which 
persisted with only minor variations for the next two years. 
The 4-hour test of the subjects on this diet provided data 
which indicated that the subjects had dropped to a plateau 
level in 11 weeks. The excretion at that time in the 4-hour test 
was 81 + 41 ug. 

The 11 subjects who received the 0:75-mg diet (Horwitt et 
al., 48) had previously been receiving a supplement for two 
years, during which period their intake had been 2.15 mg of 
riboflavin per day. On the latter level their 24-hour and 4-hour 
plateaus of excretion had attained averages of 714 + 293 and 
297 + 124 ug, respectively. Three weeks after the commence- 
ment of the 0.75-mg diet, these average levels had dropped to 
180 + 38 and 60 + 34 yg for the 24-hour and 4-hour tests, re- 
spectively. The 24-hour results had reached the minimum level 
of 70 + 15 pg 9 weeks later, which was 12 weeks after the 0.75- 
mg diet had started. (An earlier analysis here would prob- 
ably have shown that the subjects had reached their low 
plateau in less than 10 weeks.) 


Correlation of amounts excreted with 
amounts of riboflavin ingested 


The amounts of riboflavin excreted in 24 hours and in the 4 
hours after subcutaneous administration of 1 mg of riboflavin 
are compared in table 4 with the amounts of riboflavin ingested 
per day. The figures in this table are group averages ob- 
tained after the subjects had been on the designated deficient 
diet for approximately three months. In all the diets other 
than the 0.55-mg diet the three-month level of excretion did 
not differ appreciably from levels obtained later. Table 2 
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shows that there was a drop to 37 + 6ug per day after 27 
weeks on this diet, and a gradual continued decrease during 
the following 6 months to 27 + 7 yg. Table 3 shows a similar 
prolonged period of decreasing excretion for the 4-hour load 
tests. 

When the average figures for urinary excretion after three 
months of a specific dietary regimen (table 4) are converted 
to per cent of ingested riboflavin, the results indicate a marked 
difference in the per cent excreted on diets providing 1.1 and 
1.6 mg of riboflavin per day. Almost three times as much is 
excreted at the higher level. 


Correlation of urinary excretions of riboflavin with 
clinical signs of riboflavin deficiency 


The first observed sign of possible riboflavin deficiency 
(angular stomatitis) appeared in subject Al in September 
1947, 4 months after the beginning of the 0.55-mg diet. At this 
time the 24-hour excretion was between 35 and 40 pg. In no 
ease did any clinical symptoms of riboflavin deficiency appear 
in subjects who were excreting more than 40 pg in 24 hours. 
Actually, no other skin lesion appeared until after January 
1948, at which time all but three of the subjects (see table 2) 
were excreting less than 40 yg per day. The details of the 
clinical examinations will be reported elsewhere. 


DISCUSSION 


The subjects of these experiments lived in a protected en- 
vironment relatively free from many irritations and traumas 
normally encountered in a competitive society. Data on ribo- 
flavin requirements obtained under these conditions would 
therefore provide an estimate of minimum needs only. 

The amount of riboflavin excreted in the urine during a 
24-hour period has been found to be related to the riboflavin 
content of the diet and to the length of time the diet is con- 
sumed. From the first to the 15th week of observation of sub- 
jects receiving 0.55 mg of riboflavin, 9.3% of the ingested 
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riboflavin was excreted. Between the 15th and 37th week of this 
dietary regimen, the per cent of ingested riboflavin excreted 
dropped to 6.7%. There were no significant changes in the 
following 27 weeks. At dietary levels of 0.75 to 1.1 mg of ribo- 
flavin per day, the riboflavin excretion after three months was 
already at the minmum level of 9% and did not decrease in 
subsequent months. At levels of from 1.6 to 2.55 mg of ribo- 
flavin, approximately 30% of the dietary riboflavin appeared 
in the urine. Further increase of the riboflavin level of the 
diet to 3.55 mg per day raised the urinary output to approxi- 
mately 50% of the amount ingested. These values are in gen- 
eral agreement with those reviewed by Parsons (’44) and by 
Brewer, Porter, Ingalls and Ohlson (’46). 

The fact that a group of 22 subjects were maintained for a 
period of over two years on diets containing 0.75 to 0.85 mg of 
riboflavin per day with only one member of the group exhibit- 
ing any symptoms that might be attributed to riboflavin 
deficiency, whereas ariboflavinosis symptoms appeared as 
early as the 4th month in subjects receiving 0.55 mg of ribo- 
flavin per day, makes the excretions at these two dietary levels 
of particular interest. At some point between these two levels 
of excretion, 40 and 70yug of riboflavin per day, one would 
expect symptoms of ariboflavinosis to appear within 4 to 8 
months. Subjects receiving 1.6 mg of riboflavin per day ex- 
creted 4 times as much riboflavin as did those receiving 1.1 mg. 
In terms of per cent excreted of the amount ingested, those 
receiving the larger amount of riboflavin excreted three times 
as much as those receiving the smaller amount. From this it 
would appear that in order for tissues to store riboflavin, 
dietary levels of more than 1.1 mg per day must be supplied. 
Unfortunately, the data available do not give information on 
riboflavin intakes between 1.1 and 1.6 mg per day. However, 
they make it apparent that under the conditions of this study 
a level of 1.6 mg per day is adequate for the average individual. 

The urinary excretion of riboflavin during the 4 hours fol- 
lowing subcutaneous administration of 1mg of riboflavin 
parallels the 24-hour excretion. Subjects on the diet which 
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supplied 0.55 mg of riboflavin per day, during which regime 
skin lesions appeared in from 4 to 8 months, excreted an aver- 
age of 19 yg of riboflavin during this 4-hour period. The 
persons receiving diets containing 0.75, 0.85 and 1.1 mg of 
riboflavin per day had 4-hour excretions of 56 to 81 ug of ribo- 
flavin. Here, too, those individuals receiving the diet contain- 
ing 1.6 mg of riboflavin showed a marked increase in excretion; 
the 4-hour riboflavin excretion of this group amounted to 
235 ug. 

There are important individual variations which should be 
considered whenever average dietary requirements are dis- 
eussed. Just as a single rat in a colony may develop skin 
lesions which are spectacularly reversible by riboflavin at 
levels which do not similarly affect his siblings, so an occa- 
sional human is found who needs more riboflavin than any 
so-called ‘‘requirement’’ takes into account. Though we did 
not have signs of ariboflavinosis in the control groups, the 
large variations in the amount of riboflavin excreted by some 
of these subjects highlighted this situation. Note subject B12 
(table 2), who, on an intake of 2.55 mg per day, consistently 
excreted less than the average of his group. 

Because individual variations in urinary excretion are likely 
to be large during the early stages of riboflavin depletion, it is 
not possible to designate definite excretion levels associated 
with ariboflavinosis. However, under the conditions of this 
study, in which the subjects were exposed to little or no trauma 
or irritation, any 24-hour excretion of less than 100 pg can be 
taken as indicative of a recent dietary regimen providing less 
than the minimum requirement of riboflavin, and excretions 
below 50 pg a day as strong evidence that the individual has 
been on a diet deficient in riboflavin for some time. On the 
latter level, clinical signs of riboflavin deficiency are to be ex- 
pected. A diet low in riboflavin, with consequent small urinary 
excretion of riboflavin, does not ipso facto guarantee the de- 
velopment of symptoms of ariboflavinosis. Environmental 
stresses leading to the need for increased tissue growth and 
other factors involved in individual variations will remain of 








VARIATIONS OF URINARY RIBOFLAVIN 263 


primary importance (Horwitt, Hills, Harvey, Liebert and 
Steinberg, ’49). 

The amount of urine excreted is ordinarily a factor to be 
considered when evaluating the amounts of riboflavin ex- 
ereted (Feder, Lewis and Alden, ’44). However, the direct 
relationship between urine volume and riboflavin excreted is 
not apparent when the amounts of riboflavin ingested are 
small. (See tables 2 and 3.) Therefore, when the subject is on 
a depleted diet, the total amount of riboflavin excreted gives 
more information than does the caleulation of riboflavin per 
milliliter of urine. 

SUMMARY 


Studies of urinary excretion were made at levels of dietary 
intake of 0.55, 0.75, 0.85, 1.1, 1.6, 2.15, 2.55 and 3.55 mg per day. 
Data were recorded on 24-hour urine samples and on samples 
obtained during the 4 hours after subcutaneous administration 
of 1 mg of riboflavin. The results obtained by both techniques 
parallel each other. 

Subjects exposed to little or no trauma or irritation and 
receiving 1.6mg of riboflavin per day excreted 4 times as 
much riboflavin as those on a 1.1-mg intake. This suggests 
that the critical riboflavin requirement for an adult male sub- 
sisting on 2,200 calories is somewhere between 1.1 and 1.6 mg 
of riboflavin per day. 

Healing of the skin lesions characteristic of ariboflavinosis 
is retarded when the 24-hour urinary excretion of riboflavin 
is less than 50 yg. Such a level may be reached in less than 4 
months on a diet containing 0.55 mg of riboflavin per day. 

A subject depleted in riboflavin can satisfactorily assimilate 
at least 6 mg of riboflavin at one time. This was borne out by 
results which indicated that three 2-mg doses at 4-hour inter- 
vals were not more effective in repleting a deficient subject 
than a single dose of 6 mg of riboflavin in 24 hours. 

A period of approximately 15 days is required to saturate 
riboflavin-depleted subjects when a daily supplement of 6 mg 
of riboflavin is administered. 
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Deficiency of sulfur-containing amino acids (cystine, meth- 
ionine) and of tocopherol has been recognized recently as the 
leading dietary condition in the development of massive or 
zonal hepatic necrosis in rats (Gyérgy and Goldblatt, ’49). It 
has been found that, regarding hepatic necrosis, the presenee 
of tocopherol may compensate for the absence of sulfur-con- 
taining amino acids iff the diet, and vice versa. 

In our earlier experiments (Gyérgy and Goldblatt, ’49), the 
incidence of acute necrosis was never higher than 40 to 50%, 
regardless of whether the reduction in the supply of sulfur- 
containing amino acids was achieved by the use of a ration low 
in casein or of one containing yeast as the sole source of 
protein. In both instances the intake of tocopherol was greatly 
restricted. These observations were in contrast to the findings 

* This paper represents work carried out under the auspices of the Commission 
on Liver Disease of the Armed Forces Epidemiological Board, Office of the Sur- 
geon General, U.S. Army, Washington, D.C., and under a grant to H. G. from 
the Division of Research Grants and Fellowships of the National Institute of 
Health, U.S. Public Health Service. 

Preliminary reports were given by one of us (P.G.) at the Third Conference on 


Biological Antioxidants in 1948 and at the Eighth Conference on Liver Injury in 
1949, both conferences sponsored by the Josiah Macy, Jr., Foundation, New York 


(see respective Transactions). 
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of Hock and Fink (’43), of Himsworth and his associates 
(Himsworth, ’47; Himsworth and Glynn, ’44; Glynn and Hims- 
worth, 44), and of Schwarz (’48), who have reported almost 
100% incidence of massive necrosis in rats fed tocopherol-free 
rations containing yeast as the sole source of protein. The 
question arose of whether these discrepancies in findings might 
be explained by inherent differences in the yeast samples used 
in the various laboratories. 7 

Through the kindness of Professor H. P. Himsworth (Lon- 
don), we were able to obtain the same type of yeast which he 
used. The following report summarizes our observations on 
this British yeast as compared with the American type of yeast 
previously employed by us in our studies on dietary hepatic 
necrosis in rats. 


EXPERIMENTAL METHODS AND FINDINGS 
Animal assays 


On the recommendation of Professor Himsworth ? the fol- 
lowing ‘‘necrogenic’’ experimental diet was used: yeast 18; 
corn starch 79; salt mixture (U.S.P. II) 3%. One-half milli- 
liter of peanut oil and two drops of co@ liver oil were added 
to 8gm of the dry mixture just before feeding. All animals 
received daily supplements of 20 pg of thiamine, 25 pg of ribo- 
flavin, 20 pg of pyridoxine, and 100 yg of calcium pantothenate 
dissolved together in 1 ml of water. The experimental ration 
(Y5H), given to 41 rats, contained the British type of bakers’ 
yeast.* The control group, comprising 28 rats, received Amer- 
ican yeast (diet Y5S).* Male rats of the Sprague-Dawley 
strain were used. The average weight of the rats in the various 
subgroups at the start of the experiment was 70 to 75 gm. All 
rats were kept in single cages, with raised, wide-meshed screen 
bottoms. The daily food intake was measured. 

* Personal communication. 

* Obtained from the United Yeast Co., Ltd., London, and later under the desig- 


fation ‘‘D. C. L. Vit. B, yeast’’ from Distiller’s Co., Ltd., Glasgow. 
* Type 50 B brewers’ yeast, Standard Brands, Ine. 
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There were three subgroups for each of the rations (Y5S 
and Y5H) used (see table 1). Ration Y5S was given to 14 rats, 
without special supplement or treatment. In two subgroups; 
with 7 animals in each, the animals were exposed to ‘‘stress’’ 
for the purpose of promoting or accelerating the development 
of acute hepatic necrosis. As ‘‘stress’’ we used in one sub- 


TABLE 1 


Incidence of hepatic necrosis and other pathologic changes in rats receiving 
** American’’ or ‘‘ British’’ yeast 


DIET Y-5-8 WITH DIET Y-5-H WITH 








CATEGORY “AMERICAN” YEAST “BRITISH” YEAST 
OF . ao Ve) An. Ties. . oe 
soeeinan No > Cold No Plus 
ieee supple- Exer- expo- supple- tocoph- Bas “s 
ment one sure 2 ment Oe 
Number of rats 14 7 7 19 1] 11 
Days on experiment 200 200 200 60-200 200 200 
Weight { Initial 72 75 70 74 71 73 
(av.) (gm) l Final 141 120 121 95 122 161 
Food intake (av.) 
(gm/day) 7.3 7.5 7.6 6.5 7.1 7.6 
; { Necrosis 0 0 0 18 0 0 
Liver , * ~ 
( Normal 14 7 ] 1 11 11 
f § Hypoplasia 3 6 6 3 3 ] 
Testes } Normal 10 1 1 12 8 9 
Squamous 
hypoplasia, 
keratosis 
and chronic 13 1 1 8 2 (5)* 
Stomach gastritis ° 
of fore- 
stomach 
\ Normal 1 6 6 2 9 (6) 


* Exercise in a rotating squirrel cage 4 hr./day from the 50th day. 

*In cold-room (4-10°C.) 4 hr./day from the 50th day. 

* Three milligrams/day. 

* Fifty milligrams/day. 

* Changes limited to the forestomach. 

*Ineludes minor (+) changes. Thus three of the 5 (number within parentheses) 
rats showed only minor doubtful (+) changes, 
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group exposure to cold in the cold-room (4 to 10°C.) for 4 
hours per day from the 50th to the 200th experimental day. 
In a second subgroup the experimental animals had to per- 
form exercise in a rotating ‘‘squirrel cage’’ for 4 hours per 
day, again from the 50th to the 200th experimental day. Ra- 
tion Y5H, with the British yeast as the sole source of protein, 
was fed without special supplement to 19 rats. In two further 
subgroups of 11 animals each, the basal experimental diet 
was supplemented with either cystine (50mg per day) or 
tocopherol (3 mg per day, in the form of natural mixed tocoph- 
erols).® The experimental period was extended to 200 days, 
at which time the surviving rats were sacrificed. Macroscopic 
and microscopic examinations of the liver, kidneys, testes and 
stomach were performed in all rats. 

Acute hepatic necrosis was observed only in the groups re- 
ceiving the basal ration Y5H, containing the British yeast. 
Out of 19 rats fed this diet, 16 animals died during the first 150 
days; two more animals died between the 150th and 200th ex- 
perimental day. In the whole group only one rat survived the 
experimental period of 200 days and, at autopsy, it had a nor- 
mal liver. Thus, for the first time, in our laboratory, acute 
hepatic necrosis became a regular occurrence in rats fed a diet 
containing yeast as the sole source of protein. 

In all macroscopic and microscopic details the findings con- 
firmed the observations of Himsworth and his associates (’47) 
on animals kept under identical conditions. Also in accord 
with Himsworth, animals often showed no premonitory signs 
of the impending fatal massive hepatic necrosis, and appeared 
to be in good health until shortly before death. In the few in- 
stances when rats were observed during the whole agonal 
period, no convulsions (Schwarz, ’48) occurred and the clinical 
picture was more that of shock. 

In contrast to the necrotic changes in the liver observed in 
the past (Gyorgy and Goldblatt, ’42, °49) in rats fed experi- 
mental rations low in casein, the hepatic necrosis which oc- 
curred in rats kept on the (British) yeast ration was, even in 


* Kindly furnished by Distillation Products Industries, Rochester, N. Y. 
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the gross, more diffuse, more massive and severely hemor- 
rhagic. In some rats, central and mid-zonal necrosis occurred 
in some lobes or parts of lobes, while massive necrosis oc- 
curred in other lobes or even other parts of the same lobes. 
In these rats, as in those fed a low casein diet (Gydrgy and 
Goldblatt, ’42, ’49), zonal necrosis never began in the peri- 
portal region. This is contrary to the findings of Schwarz. As 
first pointed out by Himsworth (’47), the necrotic changes 
were often more pronounced in the left half of the liver than 
in the right. In this particular group of 19 rats, old scars of 
healed necrotic foci were not found in the liver. 

In all other experimental groups no pathologie changes were 
found in the livers of the animals. Thus, supplements of cys- 
tine or tocopherol prevented the development of hepatic 
necrosis even in rats receiving the experimental diet contain- 
ing the British yeast, and substitution of American yeast for 
the British yeast also deprived the ration of its ‘‘necrogenic”’ 
quality. Rats fed on the diet containing American yeast and 
exposed to stress, such as cold or muscular exercise, also 
failed to develop hepatic necrosis. In the gross, and micro- 
seopically, the kidneys of the animals in all experimental 
groups were normal. 

Special attention has been paid to the appearance of the 
testes at autopsy. In general, the rations used, regardless of 
whether they contained the American or British yeast, left the 
testes unimpaired. In this regard, the development of hepatic 
necrosis by means of the British yeast or its prevention by to- 
copherol, cystine or the American yeast has been without any 
appreciable influence. 

It is of interest, however, that the forms of stress employed 
(cold, exercise) in addition to the diet effected significant 
changes in the testes. These changes consisted of variable re- 
duction in the size of the whole testis as compared with that 
of a normal rat of the same age and weight, and, microscopi- 
cally, there were various stages of lack of development of the 
seminiferous tubules. The least microscopic change observed 
was failure of development of spermatozoa, and the greatest 
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alteration seen in these animals was absence of spermatozoa, 
spermatids and spermatocytes. In none of these animals was 
the layer of spermatogonia absent, and Sertoli cells were 
present in all the testes. Although in the tables these changes 
are referred to as mere hypoplasia, yet this immaturity of the 
testicular tubules is also implied. In none of these rats was 
there any atrophy of the testicular tubules or fibrosis of the 
organ. 

Chronic gastritis, squamous hyperplasia, hyperkeratosis, 
and papillomatous changes, in the forestomach, were regular 
occurrences in several groups of animals. These findings, 
when present, were especially impressive in the animals which 
survived the entire experimental period. 

Supplements of cystine reduced slightly the incidence of 
these gastric changes, whereas supplements of tocopherol 
were without effect. A significant prevention of these changes 
in the stomach was achieved by exposure of the animals to 
stress (cold, exercise). Thus in this respect testes and stomach 
as target organs behaved in a reciprocal manner: stress, 
under the conditions chosen, interfered with the development 
of the testes but improved simultaneously the condition of 
the stomach. 

The regular occurrence of massive hepatic necrosis in rats 
fed the experimental ration with the British yeast as the 
sole source of protein, and its absence when American yeast 
was substituted for the British yeast, raise the question of the 
difference between these two brands of yeast and the explana- 
tion of their different effects on the liver. 

The British yeast is a liver bakers’ yeast, the American 
yeast used in these experiments a heat-killed brewers’ yeast. 
The possibility that the British yeast, being an active yeast, 
may be less well digested and utilized (Price et al., ’47) than 
the inactive American yeast received no direct support in the 
experiments of Himsworth and Lindan, who found no differ- 
ence between the necrogenic effects of live and heat-killed 
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British yeast. The average food intake in the group of rats 
fed the diet with the American yeast was only slightly higher 
than in the group fed the British yeast. As a matter of fact, 
for a comparable period of time (the first 14 weeks), the aver- 
age daily food intake amounted to 6.5 gm for the group given 
the American yeast and 6.3 gm for the group that received the 
British yeast. On the other hand, the gain in weight during 
the total experimental period was distinctly higher in the 
group of animals receiving the American yeast as the source 


TABLE 2 


Chemical analysis of ‘‘ British’’ and ‘‘ American’’ yeast 











ANALYSIS AMERICAN BRITISH 
anes aliases rar ge a e on 
Nitrogen 7.83 6.76 
Total sulfur 0.86 0.65 
Methionine * 0.79 * 0.80 * 
Cystine * 0.43 * + 0.06 0.72° + 0.05 








* Microbiological assay also showed little difference in the methionine content 
of the two yeasts; the values were slightly lower than those obtained by the chemi- 
cal method. 

* Checks on aliquots of the same sample were not wholly satisfactory; the results 
in the table are the averages of 9 determinations with the average deviation. 

* Equivalent to 0.17% 8. 

* Equivalent to 0.12% S. 

* Equivalent to 9.19% S. 


of protein. The possibility that the better growth-promotion, 
as well as the suppression of hepatic necrosis, by the American 
yeast might be due to a higher content of the sulfur-containing 
amino acids (cystine, methionine) required a direct answer 
through chemical analysis of both brands of yeast. 

Nitrogen was determined by the micro-Kjeldahl procedure, 
total sulfur by the method of Pirie (’32), cystine by the £- 
naphthoquinone-4 sulfonate method (Csonka et al., ’44), and 
methionine by the method of Lavine (’43). Cystine and meth- 
ionine determinations were carried out on samples that had 


* Personal communication from Professor Himsworth. 
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been hydrolyzed 18 hours with 20% hydrochloric acid and the 
acid removed by vacuum distillation. The results obtained are 
summarized in table 2. 

The higher values for total N and total S in the American 
yeast compared with those in the British yeast are noteworthy. 
Of the sulfur-containing amino acids, the British yeast con- 
tained slightly more cystine than the American yeast. The 
values obtained for methionine as well as the unexplained ex- 
cess of sulfur in these two brands of yeast are in good accord 
with similar findings in the literature (Goyco and Asenjo, ’49; 
Schwarz, °49). 

Chemical isolation procedures do not indicate the presence 
of tocopherol in yeast.? The possibility, although remote, that 
yeast may contain tocopherol or a tocopherol-like substance 
which cannot be extracted through the usual chemical pro- 
cedures was considered and investigated by a new technique. 
It has been shown recently (Rose and Gyorgy, ’49) that in rats 
previously kept on a mixed grain diet, beginning vitamin E 
deficiency may be demonstrated in three to 7 days after they 
are put on a diet free of vitamin EK, with or without fat, and 
consisting mainly of casein, sugar, salt mixture and vitamins. 
The red blood cells of such rats, washed and suspended in a 
buffered saline solution, will be hemolyzed by minute amounts 
of dialurie acid, and less readily by ascorbic acid or cystine. 
This hemolysis may be prevented by tocopherol, added in vitro 
to the assay mixture, and will not occur when red cells originate 
in rats receiving tocopherol in their diet. Rats put on our usual 
necrogenic (hepatic) semi-synthetic rations containing Amer- 
ican and British yeast, respectively, have shown after three 
days on the experimental diet this peculiar fragility of the red 
blood cells, manifesting itself by hemolysis under the influence 
of dialurie acid. Thus, both brands of yeast appear to be 
essentially free from tocopherol. 

* Personal communication from Dr. P. L. Harris, Distillation Products Industries, 
Rochester, N. Y. 
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DISCUSSION 


With regard to the production of acute hepatic necrosis in 
rats by dietary means the study here reported permits three 
definite conclusions : 

1. Acute massive hepatic necrosis may be produced with 
great regularity and with an incidence of 90% and more in 
rats fed a semi-synthetie diet with a special British brand of 
yeast as sole source of protein. Acute massive hepatic necrosis 
did not occur when an American brand of yeast was used. 

2. The British yeast diet when supplemented with cystine 
or tocopherol loses its necrogenic quality. 

3. The analytical data obtained with respect to sulfur-con- 
taining amino acids (cystine and methionine) and tocopherol in 
the British and American brands of yeast used give no ex- 
planation for the difference in their necrogenic activity. 

The slightly higher food intake and better growth curve of 
rats fed the ration with the American yeast than of animals 
kept on the British yeast diet do not appear to offer an ex- 
planation for the absence of hepatic necrosis in the first group 
and its regular occurrence in the other. In this connection it 
should also be pointed out that Hock and Fink (’47) have 
found no appreciable difference in the necrogenic quality of 
various strains of yeast (brewers’ or bakers’ yeast or torula) 
regardless of their varying effect on the growth of experimen- 
tal animals when used in rations as the source of protein. 

Not only its high incidence but also its truly massive and 
hemorrhagic character distinguishes the hemorrhagic necrotic 
change seen in rats fed the British yeast ration from that ob- 
served in the past (Gyérgy and Goldblatt, ’49) in rats kept on 
rations low in casein (cystine, methionine) and tocopherol. 

Schwarz (’48, ’49) speaks of ‘‘rat-eclampsia,’’ bringing 
under this heading not only the massive hepatic necrosis de- 
veloped in rats on a yeast diet but also the pre-agonal convul- 
sions and some renal changes (‘‘glomerulo-nephrosis’’). 
Schwarz also points out that the necrotic changes which de- 
velop in the livers of rats on a yeast diet seem to start in the 
periphery and not — as in other forms of experimental dietary 
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hepatic necrosis —in the central zone of the lobule. Apart 
from the fact that we observed pre-agonal convulsions only 
rarely in our experimental animals, our findings with respect 
to the liver and the kidneys do not support the analogy with 
‘‘eclampsia’’ in its broader sense. 

As stated before (Gyérgy and Goldblatt, ’49), it is difficult 
to reconcile pure deficiency as the possible cause of dietary 
hepatic necrosis with the interchangeability in its prevention 
of substances as different chemically as the sulfur-containing 
amino acids and tocopherol. It is possible (Gyorgy and Gold- 
blatt, ’49; Gydrgy, ’49) that this interchangeability of cystine 
or methionine and tocopherol is due, primarily, more to an un- 
derlying detoxifying mechanism than to the correction of a 
deficiency. The sulfur-containing amino acids, as well as vita- 
min K, are known as detoxifying agents in counteracting the 
noxious effect of hepatotoxic substances and related poisons 
(Gyérgy and Goldblatt, ’49). As detoxifying agents, vitamin 
E and cystine may act through the intermediary of some oxido- 
reductive reactions, although the possibility of different points 
of attack resulting in the same effect, i.e., in the prevention of 
hepatic necrosis, cannot be excluded. 

The analytical data with respect to the sulfur-containing 
amino acids and tocopherol do not explain the difference in the 
‘*neerogenic’’ activity of the British and American brands of 
yeast. Thus, the fact that the British yeast appeared to be 
particularly conducive to the development of acute massive 
hepatic necrosis may be due not only to the lack of protective 
(detoxifying) factors (cystine, methionine, vitamin E) but 
perhaps also to the presence of some unidentified toxic factors 
in the yeast; or, more probably, to the directly or indirectly 
supported production of some toxic metabolites. Such toxic 
substances may originate in the intermediary metabolism or 
under the influence of the intestinal flora in the intestinal tract; 
in particular, in the large intestine. In any case, British yeast 
may promote the production of such toxic factors. 

As was first pointed out by Himsworth (’47), the necrotic 
changes in the liver seem to prefer the left lobe. He saw in this 
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difference circumstantial evidence for the so-called tropho- 
pathic (dietary deficiency) etiology of the condition. Portal 
vein blood from the small intestine supplies mainly the right 
side of the liver, and from the large intestine (including 
stomach and spleen) the left half of the liver. Protective food 
constituents — cystine and methionine, as well as vitamin K — 
are absorbed from the small intestine and directed to the right 
side of the liver. Blood from the large intestine must be low 
in, or free from, such protective food factors, and, in conse- 
quence, the deficiency condition — necrosis — should be more 
pronounced in the left liver. Also, if toxie products originate 
in the large intestine, the left liver should show more signs of 
injury than the right liver. 

All these are, of course, purely hypothetical considerations. 
In this connection, however, it should be borne in mind that 
hepatic necrosis due to simple dietary deficiency is unknown in 
clinical medicine. The interplay of toxic factors tallies much 
better with clinical observations as far as hepatic necrosis is 
concerned. Clinically, necrosis associated with viral hepatitis 
is the most common form of this acute hepatic injury. Various 
chemical poisons, such as halogenated hydrocarbons, phos- 
phorus, drugs, and unidentified ‘‘eryptogenic poisons’’ such 
as those postulated in eclampsia, are other common etiological 
factors in the development of hepatic necrosis in man. 

The necrogenic quality of the British yeast and its absence 
in the American yeast require further elucidation. In this 
connection, it is of further interest that the gain in weight 
throughout the whole experimental period was better in the 
group of animals receiving the diet with the American yeast, 
compared not only with the group of animals fed the basal 
ration with the British yeast but also with the animals which 
received the British yeast diet supplemented with vitamin E, 
and which remained free from hepatic necrosis. The analytical 
data for the sulfur-containing amino acids in these two brands 
of yeast offer no clue to the differences in weight curves. 

In our experiments, young rats of known strain (Sprague- 
Dawley) and of known previous dietary history were used. 
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Vitamin E is stored for a long time in the body. Thus it is not 
surprising that in older rats, with their well established stocks 
of vitamin E, or even in younger rats fed prior to the experi- 
ment a diet particularly rich in vitamin E, the production of 
hepatic necrosis may be long delayed (Himsworth and Lindan, 
*49). 

Gastric changes (hyperplasia, hyperkeratosis, ulcero-papil- 
lomatous lesions, and chronic inflammation) were a common 
and prominent occurrence in the forestomachs of groups of 
rats receiving the basal rations, regardless of whether the 
British or the American brand of yeast was used. In some the 
hyperplasia was even atypical, but definite malignant change 
was not observed. Such pathologic alterations in the lining of 
the rumen have been observed by others (Berg, 42; Sugiura, 
*42) in rats subjected to a great variety of experimental condi- 
tions, prominent among which were starvation, dietary defi- 
ciency (protein, various vitamins), carcinogenic agents, and 
local irritants. 

Supplementation with vitamin E was without effect on the 
gastric changes, whereas cystine, when added to the British 
yeast ration, brought about a slight but definite improvement 
in the condition of the gastric lining. It was surprising to find 
that in rats exposed to ‘‘stress,’’ such as cold or muscular ex- 
ercise, a statistically significant reduction in the incidence of 
the gastric lesions became apparent. This was achieved with- 
out any alteration in the composition of the diet. This finding, 
especially when considered in relation to the great variety of 
etiologic conditions found responsible for these pathologic 
changes in the forestomach of rats, raises the question of a 
possible adrenal activity in the production and prevention of 
the gastric lesions. The reciprocal relation of gastric and 
testicular changes in our rats exposed to ‘‘stress’’ may indi- 
cate an intimate interrelation existing between testicular and 
adrenal activity. 

SUMMARY 

In rats fed a semi-synthetic ration with a British brand of 

bakers’ yeast as the sole source of protein massive hepatic 
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necrosis occurred with great regularity (more than 90%). 
Substitution of an American brand of brewers’ yeast for the 
British yeast deprived the diet of its ‘‘necrogenic’’ quality. 

Supplements of cystine or of vitamin E were equally effec- 
tive in the prevention of the dietary hepatic necrosis which 
develops in rats on a diet containing British yeast as the sole 
source of protein. 

The necrogenic activity of the British yeast could not be ex- 
plained by a difference in the content of the sulfur-containing 
amino acids (cystine, methionine) or of vitamin E in the 
British and American brands of yeast. 

The possibility has been discussed that so-called dietary 
hepatic necrosis is due more to some unidentified ‘‘toxic’’ fac- 
tors than to pure deficiency. Tocopherol and cystine may act 
as ‘‘detoxifying’’ agents. 

Lesions consisting of squamous hyperplasia, hyperkera- 
tosis, uleers, and chronic inflammation were common in the 
forestomachs of rats receiving the basal yeast ration, with or 
without supplementation with vitamin E. Addition of cystine 
to the diet and, more definitely, exposure to ‘‘stress’’ (cold, 
muscular exercise), without any change in the dietary regime, 
brought about a reduction in the incidence of these gastric 
lesions. 

Testicular hypoplasia was observed in animals exposed to 
‘*stress’’ but was uncommon in all other groups. On the other 
hand, the pathological changes in the forestomach occurred 
less commonly and were not as pronounced in the rats sub- 
jected to ‘‘stress.’’ 
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PANTOTHENIC ACID STUDIES 


IX. THE INFLUENCE OF DIETARY PANTOTHENIC ACID 
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Previous studies in this laboratory have revealed the pres- 
ence in tissues of a non-dialyzable conjugated form of panto- 
thenic acid (PAC), which also contains glutamic acid and 
is active for the growth of Acetobacter suboxydans (King, 
Locher and Cheldelin, 48; King, Fels and Cheldelin, ’49). 
It appears to be a different entity from coenzyme A or the 
other conjugates of pantothenic acid which have been de- 
scribed during the past several years (Lipmann, Kaplan, 
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Novelli, Tuttle and Guirard, °47; Neal and Strong, °43; 
Wright, ’43). A major physiological role for coenzyme A 
has been established by Lipmann and Ochoa and their co- 
workers in its association with the metabolism of acetate 
(Lipmann and Kaplan, ’46; Novelli and Lipmann, °47; Stern 
and Ochoa, ’49). Although similar properties have not been 
demonstrated for PAC, it nevertheless appears to be a func- 
tional derivative of the vitamin on the basis of the discovery 
(King and Cheldelin, 50; King, Stearman and Cheldelin, 
48) that it is more active than free pantothenic acid in 
several species of bacteria, and is superior to pantothenic 
acid in counteracting a growth inhibitor of A. suboxydans 
which interferes with the utilization of this vitamin. 

Further information regarding the essential nature of PAC 
has been sought in the present work by determining its re- 
tention in the tissues of pantothenic acid-deficient rats. The 
evidence obtained, described below, indicates that as rats are 
depleted of pantothenic acid PAC, as well as other conju- 
gates, is retained to a relatively greater degree than is the 
free vitamin. PAC has been found to constitute a significant 
portion of the total pantothenic acid in rat tissues, and it 
seems probable that this conjugate’represents an important 
form of the vitamin for the rat. 


EXPERIMENTAL 


In the present study, three experiments were performed. 
The first two were devoted to the effect of dietary panto- 
thenic acid upon the A, suboxydans activity of various rat 
tissues. It was assumed at first that this organism would 
measure only PAC; however, a sample of coenzyme A (gener- 
ously supplied by Dr. Lipmann) was also found active for 
A. suboxydans, and more recently Novelli, Flynn and Lip- 
man (’49) reported the fact that coenzyme A is active for 
this microorganism. For this reason a second experiment 
was performed with more animals to test the A. suboxydans 
activity and the acetylating power of tissue preparations 
which had been dialyzed to remove coenzyme A. Finally, 








tion by the rat. 


INGREDIENTS 
Cerelose (gm) 
Casein, vitamin-free (gm) 
Sulfaguanidine (gm) 
Cod liver oil (gm) 
Mazola (gm) 
Salt mixture (gm) 
Menadione (mg) 
Choline chloride (mg) 
Inositol (mg) 
Thiamine (mg) 
Riboflavin (mg) 
Niacin (mg) 
Pyridoxine hydrochloride (mg) 
Biotin (mg) 
p-Aminobenzoie acid (mg) 
Folie acid (mg) 
Caleium pantothenate (mg) 


PANTOTHENIC ACID CONJUGATE 


TABLE 1 
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The composition of the basal diets 





Experiments 1 and 3 


730 
180 * 
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50 
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20 
20 


40 
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AMOUNTS 


S aere Ex periment 2 
720 
180 

10 

10 

50 

40 

50 

5,000 

2,000 

40 

80 

500 

40 
0.2 

250 

10 
200? 


a third experiment was carried out to determine the possible 
effect of a dietary glutamic acid deficiency upon PAC forma- 


The animals in the first experiment consisted of one litter 
of 9 28-day-old rats of the Evans-Long strain. They were 





sodium bicarbonate 17.5. 








*Ineluded only in the diet of the control rats and the rats in experiment 3. 


*A mixture of purified amino acids was used in place of casein in experiment 3. 
Its composition was as follows (amount in grams per kilogram of diet): glycine 
1.0, DL-alanine 7.0, pL-serine 2.0, DL-valine 20.0, DL-leucine 24.0, DL-isoleucine 16.0, 
L-eystine 2.0, DL-methionine 8.0, DL-threonine 14.0, DL-tryptophan 4.0, L-aspartic 
acid 2.0, L-glutamie acid 20.0 (used only in the control diet), pui-lysine 30.0, L- 
proline 2.0, L-histidine 9.5, L-arginine 6.0, L-tyrosine 5.0, L-phenylalanine 5.0, and 


kept in individual wire cages and allowed water and food 
ad libitum. Four animals were used as controls and the 
remainder were made pantothenic acid-deficient. 
listed in table 1 was fed to the experimental animals, whereas 
the controls received in addition 200mg of calcium panto- 


The diet 
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thenate per kilogram of diet. After 61 days on the above 
regimens the animals were sacrificed by a blow on the head. 
Immediately after expiration, they were dissected and the 
brain, skeletal muscle, heart, kidney and liver were rapidly 
removed. They were freed from blood and connective tissue 
as much as possible and were then stored briefly in a re- 
frigerator until the dissections were completed. The pooled 
samples of each tissue were masticated in a Potter-Elvehjem 
microhomogenizer or in a Waring Blendor to a fine pulp 
with an adequate amount of water and then diluted to the 
desired volume. The suspensions were steamed for 5 minutes, 
cooled immediately and then filtered. The filtrates were used 
as the stock samples for analysis. 

In the second experiment the animals consisted of 17 rats 
from different litters. Their body weights at the beginning 
of the experiment averaged 93 gm for the males and 86 gm 
for the females in both the control and experimental groups. 
One per cent of sulfaguanidine was incorporated in the ra- 
tion in an effort to reduce bacterial synthesis of the vitamin 
in the intestine. After a preliminary three-week depletion 
period, during which no B vitamins were given to either 
group, the levels of all B vitamins except pantothenic acid 
were raised to the amounts indicated in table 1. During 4 
additional weeks on the pantothenic acid-free diets, the de- 
ficient animals developed bloody whiskers and ‘‘whisky 
noses’’ and their fur became dull in appearance. At the 
end of this time their average weight was 89 gm compared 
to 116 gm for the controls. They were sacrificed and their 
tissues were prepared for analysis as described above except 
that they were frozen in cracked dry ice immediately after 
removal from the body. 

Dialysis of the stock samples from experiment 2 was car- 
ried out against running distilled water at temperatures be- 
low 15°C. The acetylation of sulfanilamide was performed 
with fresh dialyzed pigeon liver as the apoenzyme. This 
procedure, as well as the testing of A. suboxydans activity 
and the determination of free pantothenic acid, was the same 
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as that described in a previous paper (King, Fels and 
Cheldelin, ’49). 

In the third experiment, which dealt with dietary glutamic 
acid deficiency and conjugate activity, 6 animals from a single 
litter were used. Of these, two were used as controls and 4 
as the ‘‘glutamic acid-deficient’’ animals. The diet was the 
same as in the first experiment except that the casein was 
replaced by a mixture of pure amino acids. The feecing was 
continued for 55 days. Tissue samples were prepared as 
in experiment 1. 


RESULTS AND DISCUSSION 
Pantothenic acid deficiency 


Growth curves. Curves 1 and 2 of figure 1 depict the aver- 
age gain in weight made by the animals in the first experi- 
ment. It will be noted that the pantothenic acid-deficient 
rats, although smaller than the controls, were still gaining 
weight steadily at the end of the 61-day period. It is possible 
that this may have been due to intestinal synthesis of the 
vitamin, since the deficient animals which received sulfa- 
guanidine in experiment 2 barely recovered their starting 
body weights after losing approximately 10 gm during the 
preliminary depletion period. Those receiving pantothenic 
acid gained approximately 25 to 30 gm over their starting 
weights. 

The effect of takadiastase and papain upon release of 
bound pantothenic acid. It was suggested editorially (Anony- 
mous, *47), and confirmed experimentally (Novelli, Kaplan 
and Lipmann, ’49; Nielands and Strong, ’48), that the con- 
ventional treatment of tissue samples with takadiastase and 
papain (Cheldelin, Eppright, Snell and Guirard, °42) is not 
adequate for complete liberation of pantothenic acid. The 
data in the first two groups of table 2 bear this out, for it 
is evident that in the boiled extracts used in the present 
work (in which the autolytic enzymes had been destroyed), 
takadiastase and papain released only a relatively small pro- 
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portion of the total pantothenic acid which was available 
to A. suboxydans, Release of the vitamin from PAC, as 
well as from coenzyme A, has been accomplished in this 
laboratory through the combined use of alkaline phosphatase 
and a chicken liver enzyme (Nielands and Strong, ’48) and 
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Fig. 1 Growth curves of animals in experiments 1 and 3. (1) Pantothenic 
acid control; (2) pantothenic acid-deficient; (3) glutamic acid control; (4) 
glutamic acid-deficient. 


it seems probable that essentially all of the pantothenic acid 
present in tissues is released by this combination of enzymes. 

Free and bound vitamin during depletion. The data in 
table 2 confirm the observation by Novelli, Kaplan and Lip- 
mann (’49) that the bulk of the pantothenic acid in tissues 
is in bound form. Although the degree of release of the 
vitamin (and hence its apparent presence in free form) de- 
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pends in large part upon the opportunity for autolysis of 
the tissues, this factor may probably be ignored in the pres- 
ent studies. It may be calculated on the basis of the figures 
presented that only about 3% of the vitamin was free in 
liver tissue in the control animals. Although the proportion 
of free vitamin is higher in the other tissues studied, the 
highest figure, found in heart muscle, was only 16%. More- 
over, during depletion, the proportion of free pantothenic 


TABLE 2 


Levels of free and combined pantothenic acid in tissues of deficient and control rats 





PANTOTHENIC ACID 








FREE PANTOTHENIC AFTER TAKADIASTASE A. SUBOXYDANS 
ACID ! AND PAPAIN ACTIVITY 
DIGESTION 2 
Rela- Rela- Rela- 
Defi- Con- tive Defi- Con- tive Defi- Con- tive 
cient trol activ- cient trol activ- cient trol activ- 
ity ity ity 
ug/gmug/gm ug/gm wg /gm % ‘on s rf oe 
Liver 2.0 3.8 53 2.4 5.6 43 72 31.3 55 
Muscle 0.4 1.0 40 1.9 3.5 54 4.8 8.2 59 
Heart 0.8 8 10 1.7 13 13 8.4 12.5 67 
Kidney 1.6 10 16 2.1 13 16 17.8 25.6 70 
Brain 10.5 14.3 74 


‘Free pantothenic acid = amount of vitamin present in filtered boiled extracts, 





as determined directly with L. arabinosus. 

* See Cheldelin et al. (’42). Digestion was carried out on boiled extracts. 

* Milligrams of PAC sample 801 per gram of tissue. Sample 801 contains ap- 
proximately 4 ug of bound pantothenic acid per milligram. The total concentration 
of pantothenic acid in liver tissue (control) is thus 125 ug per gram, and so forth. 


acid becomes even less (table 2) in all tissues except liver; 
the relative amounts of bound forms in the deficient animals 
as compared to the controls range from 55% in liver to 74% 
in the brain, but the corresponding relative levels of the 
free vitamin range from 53% in the liver down to 10% in 
the heart. These observations, taken together with knowledge 
of the biochemical role of coenzyme A, suggest strongly that 
in the economy of the animal, free pantothenic acid repre- 
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sents a relatively less essential form of the vitamin, perhaps 
inactive altogether per se, whereas the conjugates are of 
greater physiological significance. 

Since, as was pointed out above, the A. suboxydans re- 
sponses shown in table 3 represent coenzyme A as well as 
PAC, the values obtained with the experiment 2 animals 
(table 3) are of special interest. Here it may be seen that 
although most of the activity for A. suboxydans is lost upon 


TABLE 4 


The acetylation of sulfanilamide by rat tissues 











TISSUE HOURS OF DIALYSIS SULFANILAMIDE ACETYLATED 

ee ee ae desig ug 

Kidney, control 0 40 
(59 mg) 

2 10 

45 0 
(59 mg) 

deficient 0 12 

4 0-4 

Liver, control 0 56 
(68 mg) 

4 20 

70 0 
(68 mg) 

deficient 0 15 

t 4 

70 0 





dialysis (varying from 63% in muscle to 80% in the kidneys 
of the control animals), there is nevertheless a significant 
residual activity even after 45 to 68 hours of dialysis. This 
is especially true in the deficient animals, where 24% (kid- 
ney) to 57% (heart) is non-dialyzable. That this material 
cannot represent coenzyme A is indicated by the failure of 
the dialyzed samples to accomplish acetylation, as shown in 
table 4. Here, although the power to acetylate sulfanilamide 
is less in the tissues of the deficient animals than in those 
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of the controls (this has been demonstrated previously by 
Olson and Kaplan, ’48), it diminishes very rapidly in both 
control and deficient animals as the tissues are dialyzed. 
This virtually complete loss of acetylating power after 2 to 
4 hours, as contrasted to the more gradual disappearance of 
A. suboxydans activity, suggests that rat tissues may actually 
contain more than one dialyzable pantothenic acid conjugate, 
in addition to the relatively non-dialyzable PAC. 

The suggestion has been made that coenzyme A may be 
converted to PAC, possibly through degradation (Novelli, 
Flynn and Lipmann, °49). In view of the fact that PAC is 
less readily dialyzed than coenzyme A, its formation as a 
degradation product of coenzyme A seems unlikely, although 
it is not possible to rest the case on the basis of this single 
observation. Moreover, although a conversion of some sort 
might occur in the living animal, it is unlikely that it could 
take place during dialysis, since the residual PAC contents, 
particularly in heart and skeletal muscle, were nearly the 
same in both the deficient and control animals even though 
before dialysis the levels in the control group were much 
higher. If conversion of coenzyme A to PAC took place, the 
final PAC values after dialysis would be expected to parallel 
the initial values more closely. Novelli, Flynn and Lipmann 
(’49) report the formation of an enzymatically inactive ma- 
terial from coenzyme A through autolysis. However, the 
manner of preparation of tissue samples in the present ex- 
periments would appear to prevent autolysis, and it seems 
reasonable to conclude that the PAC contents observed repre- 
sent material which existed in the rat tissues at the time the 
animals were sacrificed. PAC may therefore be regarded for 
the rat as an important form of pantothenic acid, which is 
conserved by the animal during depletion at the expense of 
the free vitamin. This is especially true in the heart and 
skeletal muscle, where, as is stated above, the PAC content 
is practically as great in deficient animals as in controls. 

The present results are in apparent disagreement with the 
observations of Novelli, Kaplan and Lipmann (’49), who 
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concluded, on the basis of their assays of bound pantothenic 
acid in animal tissues together with a measure of the acetylat- 
ing power of these materials, that virtually all of the panto- 
thenic acid present is represented by coenzyme A. The rea- 
sons for this discrepancy are not obvious, but they may be 
due in part to the existence of coenzyme A-like material 
in at least two forms (Strong, ’49; Cheldelin, Teply and 
treen, 49). These are claimed to possess considerably dif- 
ferent abilities to acetylate sulfanilamide per mole of panto- 
thenic acid (Strong, 49). If these forms should both be 
found to be present in significant amounts in tissues, it is 
quite possible that the coexistence with them of non-acetylat- 
ing forms, such as PAC, might be overlooked. 

Dietary glutamic acid deficiency. Curves 3 and 4 of figure 
1 demonstrate the growth rate of rats on a diet in which the 
easein of experiment 1 was replaced by an equal quantity 
of amino acids. The experimental animals which were de- 
prived of glutamic acid were not fed extra nitrogenous ma- 
terial. Their poorer weight gain may reflect this in part, 
inasmuch as Lardy and Feldott (’49) and Rose, Smith, Wo- 
mack and Shane (’49) have shown that non-essential amino 
acids or ammonium salts can improve weight gains on diets 
containing threshold amounts of the indispensable amino 
acids. The inferior performance on the glutamic acid-defi- 
cient diet confirms the observations of Rose et al. (Rose, 
Smith, Womack and Shane, ’49; Rose, Oesterling and Wo- 
mack, *48). Of more direct interest in the present study, 
however, is the finding that the amounts of both free and 
combined pantothenic acid in the tissues were essentially the 
same in both the ‘‘glutamic acid-deficient’’ animals and the 
group which received large supplements of this amino acid. 
Evidently the synthesis of glutamic acid by the rat is at all 
times sufficient to permit the formation of adequate amounts 
of PAC. 

SUMMARY 

1. Albino rats on a pantothenic acid-deficient diet de- 

veloped pronounced deficiency symptoms over an 8- to 9- 
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week period. Assay of the brain, liver, kidney, heart and 
skeletal muscle of deficient and control animals revealed that 
the content of both free and bound pantothenic acid had 
diminished during this period. 

2. Free pantothenic acid, as measured directly by L. 
arabinosus, represented only 3 to 16% of the total panto- 
thenie acid content of the various tissues in control animals; 
however, the proportion of the free vitamin was even less 
in the deficient animals. From 47 to 90% of the free vitamin 
was lost during depletion of the animals, whereas the de- 
creases in the conjugated forms (measured by A. suboxydans) 
ranged from 26 to 45%. 

3. A significant portion of the bound pantothenic acid in 
rat tissues was found to exist in non-dialyzable form. In 
the controls this proportion ranged from 20 to 37% and in 
the deficient animals from 24 to 57%. The active principle 
remaining after dialysis was not active in the acetylation 
of sulfanilamide, and it was considered that this represented 
the conjugate (PAC) recently described in this laboratory. 

4. It was concluded that PAC may be regarded as an 
important form of pantothenic acid for the rat. 

5. Dietary glutamic acid deficiency has no effect upon the 
amounts of the free or conjugated forms of pantothenic acid 
in rat tissues. 
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Stimulated by the problem of the poisoning of industrial 
workers by trinitrotoluene (TNT) which first arose during 
World War I, certain investigators have studied experimen- 
tally the influence of diet on susceptibility to this compound. 
Voegtlin, Hooper and Johnson (’20, ’21) obtained results sug- 
gesting that diet does influence the toxicity of TNT in dogs, 
since there were less anemia and longer survival on a bread, 
milk and meat diet and on meat alone than on a diet of milk 
and bread. Himsworth and Glynn (’42) reported that rats on 
a high fat diet developed severe symptoms and liver damage, 
while those on high carbohydrate or protein diets had little or 
no symptomatology. Closer examination of the composition 
of the diets used by these workers reveals that the high fat 
diet was also low in protein (approximately 9 Cal. per 100 
dietary Cal. by our calculations), whereas the high carbohy- 
drate diet had an adequate protein content (23% of the dietary 
Calories by our calculations). Thus the increased toxicity ob- 

* This study was supported by a grant (RG 312) from the U.8. Publie Health 
Service Research Grants Division. The preliminary data of portions of the study 
have been presented before the American Industrial Hygiene Association in De- 


troit, April 16, 1949 (Goldwater and Shils, *49) and the American Institute of 
Nutrition, Detroit, April 22, 1949 (Shils and Goldwater, ’49). 
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tained with the high fat diets may have been caused in whole 
or in part by the accompanying low protein intake. 

The studies reported here were designed to clarify this mat- 
ter and to obtain more information on the effect of diet on 
resistance to TNT poisoning. 


EXPERIMENTAL METHODS AND PROCEDURE 


Comparison was made of the growth, appearance, blood 
picture and pigment excretion of TNT-treated and control 


TABLE 1 


Composition of diets on a caloric and on a weight basis 

















% BY CALORIES _ % BY WEIGHT * 
sated vrs * Casein Cus cue CALORIESIN Qa sein ay Seve- Salts 
ee = 
6 LPHF 12.5 60.0 27.5 16.5 15.9 363 °420 58 
7 LPLF 12.5 6.0 81.5 25.0 10.7 2.4 83.1 3.8 
8 MPHF 25.0 60.0 15.0 15.9 32.9 37.6 23.6 5.9 
9 MPLF 25.0 6.0 69.0 24.6 21.7 2.5 71.9 39 





*L = low; M = moderate; P = protein; F = fat. 
* Vitamins in the following amounts were incorporated per 400 Cal. of each diet: 
thiamine, 2 mg; riboflavin, 2mg; pyridoxine, 2mg; calcium pantothenate, 5 mg; 
niacin, 5mg; PGA (foivite), 0.2 mg; biotin, 0.002 mg; inositol, 2.0 mg; p-amino- 
benzoie acid, 2.0 mg; percomorph oil, three drops; menadione, 1.0 mg; a-tocopherol, 
1.0 mg. 

The salt mixture was the U.S.P. no. 2 formula (General Biochemicals, Inc.). 


rats on each of 4 different diets varying in respect to their 
content of fat, protein, and carbohydrate. The composition of 
the diets employed is given in table 1, together with the caloric 
contribution of the components. Instead of the usual Atwater 
caloric values, we have used the more specific metabolizable 
caloric values per gram of 4.50 for casein, 3.75 for glucose, 
and 9.45 for corn oil. 

TNT was incorporated in the diet in most of the experi- 
ments, since Himsworth and Glynn (’42) had used this pro- 
cedure and observed that absorption was complete. The diets 
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were fed ad libitum and the group intake was measured three 
times a week. Whenever a consistent variation in the average 
consumption of any diet was noted, the level of TNT in that 
diet was altered to bring the TNT intake into line with that 
of the other groups, using the intake of the group on diet 6 as 
the baseline. The initial levels of TNT in the diets were 150 
mg % for the low fat diets (7 and 9) and 300 mg % for the high 
fat diets (6 and 8). 

For the comparative growth studies two series of animals 
were used; the procedure was the same in both experiments 
except that, during the course of series Il, TNT was increased 
by one-third for all groups on the 31st day of TNT administra- 
tion. In series I each group consisted of 5 males and 5 females; 
in series II 6 males were employed per group. 

The TNT intakes of the groups on the different diets fluctu- 
ated with the intake of food, but the average intakes are in 
comparable ranges. For series I the average daily TNT in- 
takes for the first 39 days were: diet 6 — 21.7 mg; diet 7— 21.3 
mg; diet 8 — 24.1 mg; diet 9 — 24.2 mg. For series IT the fig- 
ures for the first 45 days were: diet 6— 24.0mg; diet 7 — 
25.6 mg; diet 8 — 25.0 mg; diet 9 — 27.7 mg. 


RESULTS 
Growth 


The effects on growth of the diets and the added TNT were 
found to be very similar in series I and II. The growth curves 
of the rats in series II are given in figure 1 as examples of 
the findings obtained. 

In analyzing the effects of variations in diet composition on 
the toxicity of a compound, with growth as the criterion, it is 
necessary to take into account the effects on growth of the 
diets per se. Examination of the growth curves of the control 
rats not receiving TNT reveals: (a) the expected decrease in 
growth of the groups on the low protein diets (6C and 7C) be- 
low that of those on the higher protein intake (8C and 9C); 
(b) better growth of the male control group on the high fat-low 
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Fig. 1 
sition. 


Average growth curves of male rats of series II. 
M = moderate, F = fat, P = protein, C = control group, TNT = TNT-fed group. 
Experimental diets started at zero time; protein increased from 7.5% to 12.5% on 
the 8th day (arrow 1). TNT feeding started on the 11th day (arrow 2) and in- 
creased by one-third on the 42nd day (arrow 3). 
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The influence of TNT on the growth of rats on diets of varying compo- 
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protein diet (6C) than of the low fat-low protein group (7C) ; 
the females showed no differences in the growth rates of 
these two groups; (c) the slightly better growth of the control 
group on the high fat-moderate protein diet (8C) than of the 
low fat-moderate protein group (9C).? 

In examining the effects of TNT on growth the following 
results are apparent: (a) TNT in the amounts fed depressed 
growth irrespective of the type of diet ingested; at the levels 
of TNT employed there were no deaths in any group. 

(b) Effect.of protein: On the higher protein-containing diets 
TNT-fed rats as well as controls (diets 8 and 9) grew appreci- 
ably better than the comparable groups on the low protein 
diets (diets 6 and 7). This better growth might be explained 
on the basis of a detoxication effect of increased protein, but 
this seems very questionable. If there were a specific detoxi- 
cation or protective effect of protein, one would expect a 
greater growth increment of TNT-treated rats on the higher 
protein intake over those on the lower protein intake than 
would occur between control groups on similar diets. How- 
ever, it is obvious from figure 1 that the differences between the 
average weights of the control rats on diets 8C and 6C and 
between those of the animals on diets 9C and 7C at any given 


* Attention is called to the evidence that this difference between the high and 
low fat diets observed with the males may not be as significant as it appears. It 
will be noted in figure 1 that a break in the growth curve of group 9C occurred after 
the animals were transferred from the pelleted stock diet to the powdery diet, and 
that better growth was resumed after approximately one week. Analysis of the 
growth rate was made by plotting the logarithm of the weight against the reciprocal 
of age, according to the method of Zucker et al. (’41), who found that the growth 
data of a normally growing rat fall on a straight line. Plotting the data of the 
rats on diet 8C resulted in a continuous straight line, while the data of most of the 
rats on 9C showed a change in slope at the point where good growth resumed. From 
this point on, the slope paralleled quite closely that of the rats on diet 8C. This 
means that after the period of faltering growth, the 9C group were capable of 
growing at about the same rate as the high fat group. The cause of the temporary 
failure in growth rate is not known. It is interesting to note that it did not oceur 
with group 9TNT, which in this period was on the same diet since TNT administra- 
tion had not yet begun. Thus, while there may have been growth differences due 
to the level of fat intake in the male groups on the moderate protein intake, these 
differences are probably less than the growth curves would indicate. 














298 MAURICE E. SHILS AND LEONARD J. GOLDWATER 


time were as large as or usually larger than the average weight 
differences between the TNT-treated animals on diets 8STNT 
and 6TNT or 9TNT and 7TNT. Thus it would appear that 
protein has no specific detoxicating effect. Further and more 
exact proof of this point requires studies on growth at other 
levels of protein intake, with the intake of TNT regulated 
according to weight and with paired feeding. 
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Fig. 2 The influence of different fats on the toxicity of TNT as measured by 
growth. Average growth curves of groups of male rats (5 per group) subsisting 
on diet 8 with three different sources of fat. TNT was injected daily at a level of 
10 mg per 100 gm body weight after a 10-day period on the respective diets with- 
out TNT. 


(c) Effect of fat: The growth curves of the series IT rats 
(fig. 1) indicate that the groups with comparable protein levels 
grew at about the same rate despite the differences in fat in- 
take when TNT was ingested. In series I (where the TNT 
was not increased in the course of experiment), the males on 
6TNT and 7TNT had very similar growth curves throughout 
the experiment, while the 8TNT group tended to diverge 
gradually from the 9TNT group in a manner comparable to 
the behavior of the control groups in series II on diets 8C and 
9C. The females of series I receiving TNT grew somewhat 
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better on the high fat diets than on the low fat diets with 
comparable protein intake. The differences between series I 
and II may indicate a somewhat greater relative toxicity on 
high fat diets as the intake of TNT increases. 

It may be concluded from these results that TNT may be 
somewhat more toxic on a high fat diet than on a low fat diet 
when the relative growth of the control groups is taken as a 
criterion. However, it is quite clear that the level of fat in the 
diet is not a serious factor affecting TNT toxicity under the 
conditions of our experiments, in view of the fact that even 
when TNT was ingested at increased levels (series II), growth 
on the high fat diets equalled that on the low fat diets. 

(d) Effect of variation in the type of fat: Because the fat 
used in this study (corn oil) was different from that used by 
Himsworth and Glynn (bacon fat), the possibility existed that 
the type of fat might influence TNT toxicity and so account 
for the differences in results obtained in the two studies. In 
order to check this possibility, an experiment was performed 
in which corn oil, hydrogenated cottonseed oil * and lard were 
compared for their effect on TNT toxicity. 

Each of these fats was incorporated in a diet with the per 
cent composition of diet 8 (high fat-moderate protein). Five 
male rats were placed on each of these diets, and to insure that 
equal amounts of TNT were received, 10 mg of TNT dissolved 
in corn oil (0.3 ml) were injected intraperitoneally per 100 gm 
of body weight; the injections were given 6 days per week for 
5) weeks. From the resulting average weight curves, which are 
depicted in figure 2, it is clear that the type of fat had no in- 
fluence on growth. 


Blood studies 


At the termination of the experiments, blood samples were 
taken and determinations made for hemoglobin by the oxy- 
hemoglobin method, as well as red cell counts, white cell counts 
and hematocrit in series I and hemoglobin alone in series IT. 
The hemoglobin results are summarized in table 2. From 


* Crisco. 
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these data it is apparent that (a) the hemoglobin of each TNT- 
treated group was significantly lower than that of its control 
group, and (b) the degree of anemia in the TNT-treated rats 
was statistically similar on all diets, regardless of fat, protein, 
or carbohydrate content. White cell counts did not appear to 
be influenced by TNT poisoning. Hematocrit and red blood 
cell counts followed the hemoglobin concentration pattern. 


TABLE 2 


Hemoglobin values of TNT-treated and control males of series 1 and 2 











DIET 
GROUP —_ - snahiidieiiesaeiiatetia 
6 7 8 9 
No. of 
rats 8 10 7 10 


1. Control - sanileathitnlinineiepiteaniiiigtimetiniiiipamiaciitiapiamaninnds - 
Mean + 








S.E. (gm %) 12.5 20 18724 1342.37 422+ 4 

No. of 

rats 11 9 11 11 
2 TNT : . ee ee 

Mean + 

S.E. (gm %) 108+ .31 101+ .48 11.4+ .34 110+ .31 
Comparing 1 and 2; 
significance of 


difference * P=0.001 P=0.001 P<0.001 P< 0.001 





Comparing TNT- : 
6TNT and 7TNT: P=0.210 8TNT and 9TNT: P = 0.18 
treated groups; 


significance of 6TNT and 8TNT: P = 0.208 7TNT and 9TNT: P = 0.106 
difference * 





*Caleulated by Student’s ‘‘t’’ test. 


Himsworth and Glynn (’42) found that TNT caused only 
slight decreases in hemoglobin in the rats on their high protein 
and high carbohydrate diets but that a marked anemia de- 
veloped on the high fat diet. 


Color of urine 


The excretion of a bright red urine by rats receiving TNT 
has been reported previously (Moore, °18; Webster, ’21; 
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Himsworth and Glynn, ’42; Channon et al., 44; Lemberg and 
Callaghan, ’45), and was noted in this study. According to 
Channon et al. (’44), this pigment is trinitrobenzyl alcohol or 
a reduction product of it. In our experiments the urines falling 
on newspaper under the hanging cages of all diet groups re- 
ceiving TNT were a bright red color. This observation did not 
conform to that of Himsworth and Glynn (’42), who noted 
that the rats on the ‘‘carbohydrate diet excrete a urine which 
at most contains traces of a pink color; rats receiving a pro- 
tein diet excrete a pink urine; rats receiving a fat diet excrete 
a urine which looks like red ink.’’ 


TABLE 3 


Effect of diet on urinary excretion of pigment following TNT administration 


’ PER CENT TRANSMITTANCE 


BIRT (mean + S.E. of the mean) 
6 aa er ir, 
7 46.5 + 4.15 
8 29.8 + 3.64 


9 47.4 + 2.49 


To investigate this matter further, a separate experiment 
was conducted in which the urine was collected from 16 rats, 4 
of which were subsisting on each of the 4 types of diet (table 1) 
and into which were injected intraperitoneally the same quan- 
tities of TNT dissolved in corn oil. Urine was collected while 
the animals were in individual metabolism cages for a 24- 
hour period; the urines were then filtered and diluted to 100 ml 
and transmittance read in an Evelyn colorimeter using a 540 
filter. Urine was collected twice from each rat. The first 
urines were obtained after a 6-day period during which the 
rats received 15 mg TNT daily; the second collection was made 
after another 7 days of daily injections of 15mg TNT. The 
data for each group were averaged and the results are given 
in table 3. They indicate that the rats on high fat-moderate 
protein diet 8 excreted a more deeply pigmented urine than 
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those on the other three diets. Statistical analysis of variance 
and the ‘‘t’’ test indicate that the results obtained with diet 
8C were significantly lower (P < 0.001) than the pooled data 
from the three other groups, which did not vary significantly 
among themselves. High fat per se did not cause the increased 
pigment, since the results with the animals on the high fat-low 
protein diet were the same as those obtained with the rats on 
low fat diets 7 and 9. Indicative of the speed of absorption 
of TNT from a corn oil solution in the peritoneal cavity and its 
metabolism in the body is the fact that within one-half to one 
hour following injection, the color of the urine, hitherto nor- 
mal, had become bright red. 


Coloration of fur 


The fur of the TNT-fed rats on the high corn oil diets be- 
came stained an intense red, whereas the fur of the rats on 
the low fat diets had only an occasional light pink spot. Our 
results tend to support the view that fur coloration is of ex- 
ternal development, presumably due to solution of the urinary 
pigment in dietary fat adherent to the fur, because (a) it oc- 
curred to a far greater extent in animals on a diet which 
caused the fur to become greasy, (b) it was much more marked 
on the fur around the penis, i.e., where the pigment was being 
excreted, (c) the pigment was not seen in the skin or other 
tissues but was noted in the bladder, and (d) the pigment was 
soluble in fat solvents as well as in urine. 

This view is contrary to that of Lemberg and Callaghan 
(’°45), who suggested that the pigment passes into the skin and 
hair by way of the circulation. 


DISCUSSION 


The question of the possible contribution of carbohydrate to 
the results obtained deserves mention, inasmuch as this nu- 
trient also was varied in the diets as is shown in table 1. Be- 
cause of the inverse relation of fat and carbohydrate, one can 
ascribe the slightly greater toxicity (as evidenced by decreased 
growth) of the high fat diets equally well to their low carbo- 
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hydrate composition as compared to the low fat (high carbo- 
hydrate) diets. 

Our results are not in harmony with those of Himsworth 
and Glynn (’42) on a number of points. The basic discrepancy 
involves the fact that we found only slight differences between 
the influence of fat and protein on the toxicity of TNT, using 
many of the criteria of the English workers, whereas they 
found a markedly deleterious effect of fat. The fact was noted 
previously that their high fat diet was also low in protein; 
this could account for some of the effects that they ascribe to 
a high fat intake, such as decreased growth and a more severe 
anemia. However, it does not explain other differences, such 
as the lack of anemia they observed on the high carbohydrate 
and protein diets when TNT was fed, the marked differences 
in urine color with the different diets, the increased intake of 
food by the TNT-fed rats on their high fat diet, and the equal 
growth of the TNT-fed animals and their controls on the high 
protein intake. 

The different types of diets employed by the British workers 
and ourselves may account for some of these differences, since 
they employed semi-synthetic diets whose components included 
yeast, bacon fat, wheat meal bread and casein. We have at- 
tempted to rule out the possibility of the type of fat exercising 
an influence by an experiment which showed no difference in 
growth when lard (which should be similar to bacon fat), corn 
oil, and hydrogenated cottonseed oil were used in the diets to 
which TNT was added. 

Another experimental difference which possibly contributed 
to the discrepancies in results involves the fact that Hims- 
worth and Glynn employed brewers’ yeast in their diet at a 
level of 5 or 6% by weight, whereas we added synthetic ‘‘B”’ 
vitamins on an isocaloric basis. There may exist unknown 
factors in yeast which influence the susceptibility of the rat to 
TNT. Another aspect of the use of yeast by the British 
workers is the fact that it was incorporated in the rations at 
about the same level regardless of the differences in caloric 
densities of the three diets. On the basis of their data it ap- 
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pears that the levels of caloric intake of the various experi- 
mental groups receiving TNT were approximately the same. 
Since the high fat diet contained more than twice the calories 
per gram of the high carbohydrate and high protein diets, the 
yeast intake of the rats on the high fat diet must have been 


less than half that of the rats on the other two diets. 


Thus 


effects due to differences in intake of known and unknown 
vitamins and other nutrients may have been operating within 
their experiment. 

Whatever the explanations for the discrepancies, the fact 
remains that fat per se did not influence to any marked extent 


the toxicity of TNT in our experiments. 


It should be noted that the amounts of TNT ingested by our 
rats were as high as or higher than those taken by the animals 
in the study of Himsworth and Glynn (’42), who administered 


TNT at a level of 0.15 gm per kilogram of body weight. 


1. 


SUMMARY 


Observations have been made of the influence of dietary 


variations in protein, fat and carbohydrate on the toxicity of 
2, 4, 6-trinitrotoluene (TNT). 


9 


TNT in the amounts fed depressed growth irrespective 


of the type of diet ingested. On the basis of these comparative 
growth studies it is concluded that a high fat intake does not 
appear to increase susceptibility to TNT to any marked de- 


gree. 


3. 


No differences were noted in the effect of TNT toxicity 


(using growth as the criterion) when three different fats (corn 


oil, hydrogenated cottonseed oil, and lard) were used. 


4. On the diets containing adequate protein, TNT-fed rats 


as well as controls grew appreciably better than on the low 
protein diets. The comparative growth data suggest that pro- 
tein exerts no specific detoxicating effect on TNT. 


D. 


The type of diet did not influence the hemoglobin levels 


of the TNT-treated animals, since all of the TNT-treated 


groups had an anemia of about the same severity. 
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6. The concentration of the red urinary pigment which 
was excreted following TNT injection was greater in the 
urine of rats on the moderate protein-high fat diet than on 
the other three diets, which did not differ significantly among 


themselves. 
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THE EFFECT ON GROWTH OF THE LEVEL OF 
MANGANESE IN THE DIET OF RATS, WITH 
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TWO FIGURES 


(Received for publication January 23, 1950) 


The effects of the level of manganese intake on physiological 
processes in white rats have been discussed in a number of 
papers in the past three decades. That manganese deficiency 
produces sterility in male rats (Orent and McCollum, 731; 
Waddell, ’31; Skinner, Van Donk and Steenbock, ’32; Becker 
and McCollum, ’38) and in general results in less vigorous ani- 
mals (Levine and Sohm, ’24; Daniels and Everson, ’35; Shils 
and McCollum, ’43) is agreed by all who have investigated 
these subjects. But in regard to some other physiological 
functions, such as estrus (Orent and McCollum, ’31; Skinner, 
Van Donk and Steenbock, ’32), lactation (Orent and McCollum, 
31; Skinner, Peterson and Steenbock, ’31; Shils and MeCol- 
lum, 43) and growth (Levine and Sohm, ’24; Orent and Mc- 
Collum, ’31; McHargue, ’26, and others), the effects of varying 
the manganese intake are not as well established. Often ex- 
periments in this area were designed for other purposes and 
observations on these functions were only incidental. Conse- 
quently, there are differences in the choice of dietary man- 
ganese levels, in the manganese compounds fed, in the duration 
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of manganese deficiency and, perhaps most important, in the 
age of the experimental animals when the dietary deficiency 
was started. For these reasons there is in some cases no sound 
basis for comparison between two papers, both of which pre- 
sent conclusions with regard to the influence of the level of 
manganese intake on the same physiological functions. 

The data in the literature reporting the effects of dietary 
manganese on growth, the primary interest of this paper, are 
summarized in table 1. The table is probably complete, omit- 
ting only certain papers in which the immediate interest was 
the study of other functions and the data on growth so compli- 
cated by other factors as to make comparative interpretation 
difficult. It will be seen that in only a few cases were more 
than two levels of dietary manganese used, and that few 
analyses for manganese were made in the ‘‘low’’ manganese 
diets. In no case was an effort made to establish the optimum 
intake of manganese for growth. 

In the work reported here our purpose has been to measure 
the optimum intake of manganese for growth by the use of 7 
different levels of manganese intake. Perla and his associates 
(Perla, ’°39; Perla and Sandberg, ’39; Sandberg, Perla and 
Holly, 39; Perla, Sandberg and Holly, ’39) have suggested 
that there is a reciprocal relationship between manganese and 
thiamine in physiological processes, and have offered data to 
support this view based on reciprocal detoxification experi- 
ments and on the rate of manganese depletion in rats on dif- 
ferent levels of thiamine intake. For this reason we have 
added thiamine to the diet at two different manganese levels 
in an attempt to show whether any antagonism between dietary 
manganese and thiamine is evident with respect to the growth 


function. 
EXPERIMENTAL 


Powdered whole milk was used in the basal diet because of 
its very low manganese content. Further, a barrel of pow- 
dered whole milk assures an unvarying supply, sufficient for a 
whole experiment. The preparation and supplementation of 
the basal diet are given in table 2. 
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The dried milk and oil were mixed in a Waring Blendor with 
approximately 500 ml of distilled water to which the minerals 
had been added previously. The other vitamins were added to 
the contents of the Waring Blendor just before mixing. After 
blending, the mixture was made up to 1,000 ml with distilled 
water. This diet was made fresh each day. No settling or 
breaking of the homogeneous emulsion occurred. When man- 
ganese supplements were used, they were added to the water 
with the other minerals before blending. Thiamine was added 
to the basal diet at the level of 1 mg per 1,000 ml because pre- 
liminary experiments showed that reproduction and rearing 
of the young were unsatisfactory at lower levels. Additional 
thiamine supplements (diets VI and VII, table 2) were added 
to the thiamine of the basal diet. In all, 10 different diets were 
used, as listed in table 2. 

Diets I to [IX were fed from inverted bottles equipped with 
drinking tubes to insure against contamination and loss. No 
additional water was offered. Adult rats consumed about 100 
ml of this fortified, reconstituted milk per day. 

The rats used were from our colony, which was originally of 
Wistar stock and has been inbred in this institution for many 
years. Young adults, 8 males and 8 females for each of the 9 
milk diets, were placed on the respective diets 15 days before 
the males were caged with the females (one male and one fe- 
male per cage). Before the birth of the young, the females were 
removed to individual cages containing rayon waste as bed- 
ding. The litters were reduced to 6 if they exceeded that num- 
ber and were first weighed on either the second or third day of 
life. Three more weighings were made before weaning. The 
plan was to use three of each litter for the growth experiments; 
that is, 24 in each group. The smaller numbers set forth in 
figure 1 reflect the efficiency of reproduction on the different 
diets. 

RESULTS AND DISCUSSION 

The results of these experiments are shown in figure 1. The 
solid lines represent the average growth curves on the various 
diets. The broken lines that transect these represent the aver- 
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age weights of the groups at the ages indicated. Until the 18th 
day the manganese intake of the young was entirely by way of 
the mother’s milk. At this age the young were first seen to 
reach for the feeding tubes of the diet bottles. At 30 days of 
age the young rats were weaned and from that time on were 
dependent entirely on the prepared milk diet. No change was 
made in the ration offered. In this experiment, then, there were 
three dietary periods after the birth of the young: (1) birth to 
18 days, the period during which food was taken only by 
‘‘mother passage.’’ So far as we know, no analyses of rat 
milk for manganese have been made; however, judging from 
the low manganese content of cow’s milk, this must be a very 
inefficient means of making dietary manganese available to the 
young. (2) From 18 to 30 days, a period of transition, when 
the young were still partly dependent on the mother’s milk but 
had increasing access to her ration. (3) The period of com- 
plete dependence on the prepared diet. In the last period the 
manganese intake was unquestionably greatest. It will be 
seen from figure 1 that, at 18 days of age, there was little 
difference in the average weights of the groups, at least up to 
the 10-mg level of daily manganese intake of the mother. But 
as soon as the young had access to the mother’s diet an ad- 
vantage appeared for the 5.0-mg dietary level. The advantage 
of this diet (diet IV) became more evident as the experiment 
progressed. The adult rats consumed about 100ml per day. 
The dietary manganese values as listed in figure 1 are, there- 
fore, the average daily intakes of the mother rats. At the 
weaning age of 30 days the young consumed an average of 
35 to 45 ml per rat per day. The consumption continued to in- 
crease to an average of 70 to 80 ml per rat at 50 days of age. 
Thus diet IV, which gave the best growth response, provided 
2.0 mg Mn per day for the average rat at 30 days of age, in- 
creasing to 3.75 mg per day for the average rat at 50 days of 
age. 

In figure 1 the difference in slope between adjacent curves is 
small, though the trend is evident. However, if the curves of 
diets IV and IX are compared, as is shown in figure 2, and 
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subjected to statistical analysis using the ‘‘t’’ test for un- 
paired variates (Freeman, ’47), the difference is significant 
(P < 0.01). It will be seen that after the 18th day no weighing 
for diet IX was as high as the average for diet IV and that 
only 4 weighings of diet IV approximated the average of diet 
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Fig. 2 Comparison of average growth rates for young on diets IV and IX. 





IX. Diets VI and VII differ from diets III and V, respectively, 
only in that they have additional thiamine added at the rate 
of 0.1 mg per day per 100 ml of diet. This amount of thiamine, 
bringing the total to double that of the basal diet, made no 
appreciable difference in the growth rate. At these levels of 
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intake there is no evidence of antagonism between manganese 
and thiamine with respect to growth. 

Diet X, a commercial animal food ? plus lettuce three times 
a week, was included as a check on the general quality of the 
diets. It is obvious from the growth response on these diets 
that the milk diets are inferior to diet X after the weaning 
period ; before weaning, however, they are as good and perhaps 
better. 

SUMMARY 


Seven different levels of manganese intake have been used 
in an effort to establish the optimum dietary manganese level 
for growth in white rats. 

A wide range of manganese intake (0.1 to 20.0 mg per mother 
rat per day) is permissible during the lactation period. This is 
probably a reflection of the inefficient passage of dietary man- 
ganese into the milk, as well as of inefficient absorption from 
the intestinal tract of the mother. The young, therefore, have 
a lower level and narrower range of manganese intake than 
are apparently provided by the diet of the mother. 

After weaning, the optimum manganese intake for growth is 
2 mg per rat per day at 30 days of age and about 3.75 mg per 
day at 50 days of age. 

At the levels fed in this experiment there is no evidence of 
antagonism between dietary manganese and thiamine with re- 
spect to the growth function. 
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The determination of the requirement of an animal for 
any specific nutrient presents technical difficulties, particu- 
larly in deciding on a proper criterion of nutritional adequacy 
with reference to the nutrient in question. The biological 
variation in dietary requirements, due to variation in re- 
quirement from animal to animal, is also a part of this 
difficult problem. The effect of this variation on an average 
requirement applicable to the population of animals from 
which the experimental animals were drawn can be minimized 
by selecting a sufficiently large sample of the population, 
and, at times, by standardizing them through subjecting them 
to an appropriate pre-treatment. The residual effect of this 
biological variation on the mean requirement can be assessed 
by the calculation of a standard error of the mean. Thus, 
Steggerda and Mitchell (’46), summarizing the results of a 
series of experiments on the determination of the dietary 
calcium requirement of adult human subjects (totaling 43 in 
number) on comparable diets, deduced an average require- 
ment of 365mg per square meter of body surface per day, 
for which a standard error of + 12mg may be computed. 
The coefficient of variation of individual determinations was 
21.8%, a composite variation that would include technical 
317 
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errors and differences in individuality. But the conditions 
for such a complete statement of a dietary requirement would 
rarely be realized in a single experiment. 

The distressing variation exhibited by different rats in 
assays for vitamin D has led investigators to study all pos- 
sible factors, with reference to the selection of test animals 
and to the environment, that might be brought under better 
control. From a statistical study of their experience with 
this assay, Tourtellotte and Bacon (’35) suggested that room 
temperature may be a factor, since their results indicated, 
albeit not very strongly, that rats are more sensitive to 
rickets at room temperatures of 80°F. or above. Two years 
later Guerrant, Dutcher and Crowthers (’37) subjected this 
suggestion to systematic study. Although they concluded 
‘*that environmental temperature is not an important con- 
sideration in either the production or the cure of rickets in 
the rat,’’ if the implications of the differences in food intakes 
of the rats in the different environments are fully considered, 
the experiment may be interpreted as a confirmation of the 
suggestion that vitamin D requirements are increased in a 
hot environment. 

Since these experiments were published, the effect of en- 
vironmental temperature on vitamin requirements has been 
subjected to considerable study, mainly due to the stimulus 
provided by the publications of Mills. Rats were used as 
subjects in all of Mills’ work. The results are confusing 
in their significance, to some extent because of the experi- 
mental methods used or of debatable interpretations. The 
impression conveyed by the published reports is that environ- 
mental temperature is probably a factor which should be 
considered in determining the requirements of animals for 
some of the vitamins. 

The effect of environmental stress on nutrient requirements 
seems worthy of serious study. Using an experimental cham- 
ber in which temperature can be controlled within 2°F., and 
relative humidity within 5%, we have started an investiga- 
tion in this field in which growing pigs have served as sub- 
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jects. The first nutrient to be studied was riboflavin. The 
only previous attempt to determine the effect of temperature 
on the requirement for riboflavin of which the authors are 
aware was reported by Mills (’43), using growing rats on 
different levels of riboflavin in two different experimental 
rooms, one a cool room maintained at 65°F., and one a 
hot room maintained at 91°F. and 60% relative humidity. 
From the fact that the minimum level of riboflavin inducing 
the most rapid average gain in groups of 4 rats seemed to 
be the same in the two environments, i.e., 2mg per kilogram 
of diet, Mills concludes that the temperature difference ex- 
erted no effect on riboflavin requirements. The rats were 
fed ad libitum and the average data were not submitted to 
statistical analysis. Hence, a critical appreciation of them 
is difficult. The average food economy of gains in body weight 
is not obviously inconsistent with the conclusion that in the 
hot room the riboflavin requirement was nearer 1mg per 
kilogram of diet than 2 mg.. 

The experiments to be reported below afford definite proof 
that in the growing pig the greater requirement of riboflavin 
is associated with the cooler environment. 


METHODS 


The general plan of the two experiments to be reported 
was to place the experimental pigs on a semi-synthetic basal 
ration designed to contain very little riboflavin. The ration 
consisted of: glucose 28.75, starch 28.75, rolled oats 10, 
vitamin-free casein! 20, riboflavin-free vitaminized starch 5, 
sodium chloride 1, limestone 1, bone meal 1, cod liver oil 1.5, 
salt mixture (calcium-free) no. 794, 1, and wood flock 2%. 
The vitaminized starch contained, per kilogram, 50mg of 
thiamine, 50 mg of pyridoxine, 400 mg of calcium pantothe- 
nate, 200mg of nicotinamide, 1gm of para-aminobenzoic 
acid, 2 gm of inositol, and 20 gm choline.? The mineral mix- 
ture contained salts of potassium, magnesium, manganese, 


* Labeo. 
? As Merck’s dry mix. 
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iron, aluminum, copper and cobalt, phosphorus as dipotas- 
sium phosphate, and traces of potassium iodide and sodium 
fluoride. By analysis of samples of this ration, taken periodi- 
cally throughout the experiments, it was found to contain 
from 0.2 to 0.4ug of riboflavin per gram of ration (p.p.m.). 
The samples were prepared for the microbiological determina- 
tion of riboflavin according to the directions of Strong and 
Carpenter (’42), and the determinations were carried out 
by the method of Snell and Strong (’39). 

In both experiments the pigs were fed this depletion diet 
for three weeks, at which time they were given graded doses 
of the vitamin, as described below, except for one pig in each 
experiment, which was continued on the basal diet alone. 

Each experiment included 8 pigs, since the chamber would 
not accommodate more. They were fed in individual metabo- 
lism erates, and the food intakes of all 8 pigs were equalized 
to the intake of the pig consuming the least, until the pigs 
on the lower levels of riboflavin showed deficiency symptoms: 
anorexia, vomiting, rough hair coat, inability to stand nor- 
mally. Diarrhea was not a prominent symptom of riboflavin 
deficiency, and at no time were cataracts or corneal changes 
observed on examination with the ophthalmoscope. When 
signs of deficiency appeared, the food consumption of the 
unaffected pigs was not restricted to that of the deficient 
pigs. 

The pigs were weighed weekly before a morning feeding, 
and blood samples were taken at the beginning and end of 
the experiment for cell counts and hemoglobin determina- 
tions. 

Experiment 1 


In this experiment, 8 Duroc-Jersey pigs, weighing initially 
from 55 to 61 lb. (25 to 29kg), were maintained for approxi- 
mately 10 weeks at an environmental temperature of 85°F. 
and a relative humidity of 50%. They were all castrated 
males and were from two to two and one-half months old 
at the start of the experiment, which lasted from May 17 
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to July 23, 1948. After the three-week depletion period on 
the basal ration only, they were given riboflavin supplements 
at each of the two daily feedings to raise the concentration 
of the vitamin in the air-dry feed to the following levels, 
in milligrams per kilogram, or p.p.m.: 0.2 (ne supplement), 
0.7, 1.2, 1.7, 2.2, 2.7, 3.7, and 5.2. The ratio of water consumed 
to food consumed was maintained at 4:1 in both tests; i.e., 
the amount of food allotted each pig determined the water 
intake. 

After 5 weeks of feeding at these levels of riboflavin, the 
pigs were pair-fed for the final two weeks in order to subject 
to a second test the conclusion as to the required level of 
riboflavin based on the results of the first 5 weeks. During 
this two-week period, the levels of riboflavin compared with 
respect to growth promotion were 0.2 vs. 3.7, 0.7 vs. 5.2, 1.2 
vs. 1.7, and 2.2 vs. 2.7 p.p.m. 


Experiment 2 


Eight Hampshire pigs, from the same litter, served as 
the subjects of this experiment, the sexes being equally di- 
vided. These pigs were about 9 weeks old when received at 
the Nutrition Laboratory. During this experiment, the cham- 
ber was kept at 42°F. and 70% relative humidity. After a 
three-week depletion period, the pigs were placed individu- 
ally on diets containing the following levels of riboflavin: 
0.38, 0.83, 1.34, 1.83, 2.33, 2.83, 3.33, and 4.34 p.p.m. of ration 
(milligrams per kilogram). For the next 40 days they per- 
formed poorly in food consumption and in growth, with no 
clear distinction between pigs on the lower levels of ribo- 
flavin and those on the higher levels. Since fecal examination 
revealed the presence of intestinal worms in all of the ani- 
mals, they were given 1.5gm of sodium fluoride per pig 
at this time. Immediately their appetites improved and they 
gained in weight at a more rapid rate. The experimental 
period for which reports will be made, following the de- 
worming operation, extended for 7 weeks, from January 8 
to March 5, 1949. The initial weights of these pigs, due to 
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their poor performance up to this period, were smaller than 
those of the pigs in experiment 1, i.e., 32 to 38 lb. (14 to 
17 kg). 

Besides the main experiments described above, brief refer- 
ence will be made to some preliminary and auxiliary experi- 
ments on larger pigs, designed to determine the effect of 
cold «nd of dietary supplements of protein, carbohydrate 
and fat on the urinary output of riboflavin. In these tests, 
the florisil adsorption-elution procedure, as described by 
Johnson (’48), was used in determining the riboflavin content 
of urine. 

EXPERIMENTAL RESULTS 


The first indication that environmental temperature may 
be a factor in determining the requirement of growing pigs 
for riboflavin was secured in some preliminary experiments 
on 11 pigs weighing from 120 to 260 lb. In these pigs the 
output of riboflavin on the same ration was observed at 85°F. 
and 38° to 40°F. In all pigs the output was greater in the 
heat than in the cold, suggesting, though not proving, that 
the requirement is smaller in the heat than in the cold, on 
the assumption that the urinary output is a spill-over of in- 
take consumed above current needs. The ch ge from a cold 
to a hot environment, or the reverse, was aiways associated 
with a change in the rectal temperature of the pig, averaging 
1.24°F. for contiguous 4-week periods, the higher temperature 
being associated with the hot environment. 


Experiment 1 


The most important results of experiment 1 are assembled 
in figure 1. The results for each of the 8 pigs at the end of 
5 weeks of feeding are spaced from left to right in accord- 
ance with the concentration of riboflavin in the 8 experi- 
mental diets. The two pigs receiving the lowest concentrations 
of the vitamin showed definite external deficiency symptoms 
in appearance (hair coat) and behavior (ability to stand and 
move around). The pig on the lowest level of riboflavin 
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exhibited persistent vomiting. The occurrence of diarrhea was 
unrelated to vitamin intake and when particularly persistent 
in pigs 2, 5, and 7, indicating intestinal infectior, it was 
treated with sulfasuxidine. The slightly lower intake of food 
of pigs 1 and 2 on the lowest vitamin levels was associated 
with a slower gain in body weight, as compared with all of 
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Fig. 1 The results of the first 5 weeks of experiment 1 for the 8 pigs in 
the group are given above the respective points on the horizontal dosage scale: 
total gains in body weight and total feed consumed on the left-hand scale, 
the final concentration of neutrophils in the blood on the right-hand scale; the 
final percentages of neutrophils in the total leukocyte counts are given in the 
body of the chart. The total food consumption is represented by the upper 
border of the shaded area in the chart. 


the other pigs on higher levels of riboflavin. The average 
daily gains of the pigs in the first 5 weeks of this experi- 
ment were, in the order of increasing vitamin dosage, as 
follows: 0.46, 0.37, 0.81, 0.77, 0.64, 0.76, 0.70, and 0.71 lb. In 
the same order, the food required per pound of gain was 
3.57, 4.07, 2.20, 2.39, 2.74, 2.33, 2.51 and 2.47 lb. The average 
rectal temperature of the pigs was 104.1°F. 
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Referring again to figure 1, it will be noted that the first 
two pigs, as compared with the remaining 6, showed greater 
concentrations of neutrophils in the blood and greater per- 
centages of neutrophils in the total leukocytes. If this may 
be considered an abnormal phenomenon because of its associ- 
ation with impaired appetite, unthrifty appearance and mus- 
cular weakness, the blood data confirm the conclusion that 
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Fig. 2 The gains in body weight of the pigs in experiment 1 during the 
last two weeks, when the pigs were paired as indicated and food consumption 


equalized within pairs. 


the requirement of riboflavin in this hot environment lies 
between 0.7 and 1.2 p.p.m. of ration. 

During the last two weeks of the experiment the pigs, with 
no change in riboflavin dosage, were pair-fed to test further 
the conclusion supported by the observations of the first 5 
weeks. The pairing was carried out in such a way that the 
lower levels of vitamin intake were compared with the higher, 
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with food intakes the same within pairs. The results are 
shown graphically in figure 2. They confirm the conclusion 
that the levels of 0.2 and 0.7 p.p.m. of riboflavin were inade- 
quate for maximum growth. No evidence was secured that 
the 1.2 and 2.2 p.p.m. levels were inadequate. 
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Fig. 3 Results of the 8 weeks of experiment 2 for the 8 pigs in the group 
are given above the points on the horizontal scale corresponding to the riboflavin 
dosages given: total gain in body weight and total food consumed on the scale 
at the left, the final concentration of neutrophils in the blood on the scale at 
the right; the final percentage of neutrophils in the total leukocyte counts 
are given at the corresponding points on the neutrophil-count curve. The total 
food consumption is represented by the upper border of the shaded area in 
the chart. 
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Experiment 2 


The most significant results of this experiment are pre- 
sented in figure 3, which has been constructed in the same 
manner as figure 1. In this group, the pig on the lowest level 
of riboflavin died on the 6th day of the experimental period. 
The two pigs on the next highest levels showed the usual 
signs of deficiency and thereafter did not restrict the food 
consumption of the other pigs, except pig 8, receiving the 
highest level of riboflavin (4.34 p.p.m. of food). This pig 
served as a positive control for pigs 2 and 3, and although 
held to the same food consumption level she never exhibited 
signs of vitamin deficiency, while gaining faster than either 
pig 2 or 3 (23.0 lb., as compared with 15.5 and 20.0 Ib.). The 
average daily gains of the pigs, omitting pig 1, were in 
order of increasing vitamin dosage, 0.28, 0.36, 0.77, 0.79, 0.72, 
0.84, and 0.41 lb. The food cost of gains, in the same order, 
was 4.68, 3.72, 2.60, 2.51, 2.76, 2.37, and 3.17 lb. per pound 
of gain. The average rectal temperature of the pigs in this 
cold environment was 102.8°F., as compared with 104.1°F. 
for the pigs in the hot environment. 

On the basis of the assemblage of data in figure 3, the 
critical level of riboflavin in the ration lies between 1.3 and 
1.8 p.p.m. as judged by body weight gains, or between 2.3 
and 2.8 p.p.m. as judged either by the percentage of neutro- 
phils in the total leukocytes or by the neutrophil count, The 
indicated requirement of riboflavin was definitely higher in 
this experiment in a cold environment than in experiment 1, 
which was carried out in a hot environment. 


DISCUSSION 


The plan of feeding employed in these experiments was 
in part dictated by the amount of air-conditioned space avail- 
able. However, it proved to have its peculiar advantages, 
since in effect it divided the experimental pigs into two lots, 
one receiving inadequate levels of riboflavin and the other 
adequate levels, the division being determined by the require- 
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ments of the pigs for the vitamin. If the division of the pigs 
into two lots had been predetermined in a more or less 
arbitrary fashion, quite probably the most significant division 
level would not have been chosen. 

The most sensitive index of riboflavin deficiency observed 
in these experiments was the concentration of neutrophilic 
granulocytes in the blood and their percentage of the total 
leukocyte count. These leukocytes are produced in the bone 
marrow and are known as microphages because their phago- 
eytic activities are directed toward bacteria and sinall parti- 
cles (Wintrobe, °47). Their metabolism, as measured by 
consumption of oxygen and sugar, is at least twice as great 
as that of the lymphocytes. An increase in neutrophils in 
riboflavin deficiency has been noted also by Shukers and 
Day (’43) in the growing rat, prior to the appearance of 
changes in the lens and cornea of the eye, but was attributed 
by these authors to partial inanition since it was also evident 
in isocaloric control rats receiving adequate riboflavin. On 
the other hand, Ershoff and Adams (’46) observed no effect 
of reduced caloric intake on the granulocyte count of mature 
female rats when the diet was fortified with B vitamins. 
On a diet not so fortified, partial inanition caused a reduction 
in granulocyte count, which could be obviated by a supple- 
ment of folic acid. Many types of stress, as these authors 
point out, induce a granulocytopenia rather than a granulo- 
cytosis. 

Pyridoxine deficiency has been observed by Weir, Heinle 
and Welch (’49) to induce granulocytosis and lymphopenia 
in mice. The same phenomenon has been reported for the 
dog (Morgan, Groody and Axelrod, ’46) and for the monkey 
(McCall et al., °46), but it was not noted in pyridoxine- 
deficient pigs (Wintrobe et al. °43). MeCall et al. (746) 
also noted a reversal of the neutrophil-lymphocyte ratio in 
the blood of the monkey suffering from a deficiency of the 
anti-anemia factor. 

In the experiments reported in this paper, the granulocyto- 
sis preceded any changes in the eye which could be detected 

















328 MITCHELL, JOHNSON, HAMILTON AND HAINES 


a 


upon examination with the ophthalmoscope or in the skin, 
such as those observed by Patek, Post and Victor (’41) and 
Wintrobe et al. (’44). It was not due to partial inanition, 
since it did not appear in pig 8 of experiment 2, whose intake 
of food was restricted to that of pigs 2 and 3 (see fig. 3). 


TABLE 1 


The riboflavin requirements of animals of different species expressed as 
concentrations in the air-dry diet 








ESTIMATED RIBO- 
FLAVIN REQUIRE- 





SPECIES MENT IN MG PER AUTHORITY 
KG OF DIET 
(P.PM.) 

Mouse, growing 4? Fenton and Cowgill (47) 

Rat, growing 2° Mills (’43) 

Duckling between 3 and 4 Hegsted (48) 

Chick 3.0 to 3.5 Bolton (’47) 

Chick 2.7 to 3.2 Bird et al. (’46) 

Poult 3.2 to 3.8 Bird et al. (’46) 

Dog, growing 1.5 to 2.5 Potter, Axelrod and Elvehjem (’42) 

Fox, growing 1.2 to4 Schaefer, Whitehair and Elvehjem 
(47) 

Pig, growing 3.1 Krider, Terrill and Van Poucke 
(749) 

Pig, growing 1.2 to 2.3 This experiment, depending on en- 
vironmental temperature 

Human, infant between 2.5 and 3.8 * Snyderman et al. (’49) 

Human, child 2.2 ¢ Oldham et al. (’44) 

Human, adult 1.6 to 2.3 * Williams et al. (43) 


Human, adult 1.3 to 2.3 * Horwitt et al. (’49) 





* One strain of mice, C,;,, may have required somewhat less than 4 p.p.m. of ribo- 
flavin, and the other strain, A, required somewhat more, but the results on the latter 
strain were not reproducible. 

* Possibly somewhat less in a warm environment. 

* Caleulated from data given in article. 

* Estimating the diet to contain 4.5 eal. per gram. 


Neither the hemoglobin concentration of the blood nor the 
erythrocyte count was affected by the riboflavin deficiency 
imposed in these experiments. 

The expression of riboflavin requirements in terms of con- 
centration in the ration (dry or air-dried) rather than per 
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unit of weight, as is so commonly done, seems rational in 
view of the known functions of the vitamin in the body. By 
reason of its participation in enzyme systems involved in 
carbohydrate, protein and purine metabolism, riboflavin func- 
tions in the body to facilitate the liberation of food energy 
and the assimilation of food nutrients. Hence, the require- 
ment of riboflavin would be in proportion to the amount of 
nutrients oxidized in the body or otherwise utilized, and not 
to body weight or to rate of growth except as these determine 
food consumption. The relative proportions of the main or- 
ganic nutrients in the diet may also be determinants (Man- 
nering, Lipton and Elvehjem, °’41; Riesen, Schweigert and 
Elvehjem, °46), directly or through differential effects of 
the organic nutrients on intestinal synthesis (Czaczkes and 
Guggenheim, ’46), or both. 

Other evidence possessing the same significance may be 
found in the similarity in the riboflavin requirements of ani- 
mal species of different size when the requirement has been 
expressed as a dietary concentration or when it can be so 
computed from the reported data. A compilation of such 
evidence, collected from the recent literature, is presented 
in table 1. While differences in the reported requirements 
of riboflavin by different species of animals are evident from 
this compilation, they are not related to body size; in all 
likelihood they are traceable to differences in the criteria 
of adequacy employed, to differences in the length of feeding 
periods, to differences in basal diets, and to differences in 
environmental temperature. 

An important corollary of the conclusion that the require- 
ment for riboflavin is in proportion to the amount of food 
to be metabolized is that requirement for the vitamin per 
unit of diet is independent of the rate of growth secured 
under the conditions of experimental feeding. 

The riboflavin requirements of this experiment, somewhat 
less than 1.2 p.p.m. in a warm environment (85°F.) and ap- 
proximately 2.3 p.p.m. in a cold environment (42°F.), are 
both less than the value of 3.1 p.p.m. (1.4mg per pound) 
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deduced by Krider and associates (’49) from experiments 
carried out under uncontrolled environmental conditions and 
with uncontrolled food consumption. The two experiments 
on which this value is based, however, suffer from two un- 
fortunate circumstances. In the first experiment, the average 
daily gains do not increase evenly from the group on the 
basal diet to that receiving 1.5 mg of the vitamin per pound. 
The results indicate merely that the level of 0.5 mg of ribo- 
flavin per pound of feed was inadequate for maximum gains. 
In the second experiment, in which the basal diet was as- 
sumed to have provided over 1 mg of riboflavin per pound, 
its precise content of the vitamin was not determined, the value 
used in the computations being the average of two discordant 
results secured in different laboratories. The recommended 
riboflavin allowance of the Committee on Animal Nutrition 
of the National Research Council for growing and fattening 
pigs (Hughes et al., ’44) is 0.76mg per pound of feed, or 
1.7 mg per kilogram. None of the practical rations recom- 
mended by this Committee for pig feeding contained as much 
as 1.4 mg of riboflavin per pound. 

Hughes (’40) has assessed the requirements of the growing 
pig as being between 1 and 3 mg per 100 lb. body weight on 
the basis of two experiments, each involving 25 pigs on 
synthetic diets. The rate of growth on uncontrolled food 
consumption was used as the measure of nutritive adequacy. 
The results of the experiments reported in this paper, ex- 
pressed on a body weight basis, are 1.4mg and 4.2 mg per 
100 Ib. body weight for the warm and the cold environments, 
respectively. 

Speculation as to why riboflavin requirements are higher 
in a cold than in a warm environment, in spite of a lower 
body temperature, may be pursued along three lines. First, 
they may be the result of a greater loss of riboflavin in the 
urine in the cold environment. The ratio of water to food 
consumed in both environments was the same, i.e., 4 to 1. 
Presumably the water vaporized from the skin was less in 
the cold environment, leaving more water to be excreted 
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by the kidneys. The experiments of Feder, Lewis and 
Alden (’44) imply a high correlation between urine vol- 
ume and riboflavin output through the kidneys. However, 
so far as the present authors are aware, this correlation has 
not been observed by others. 

Secondly, the metabolism of the pigs in the cold environ- 
ment probably was elevated above that of the pigs in the 
warm environment. To maintain practically the same growth 
rate and feed economy of gains, the pigs in the cold consumed 
4.0% of their body weight in food, while the pigs in the warm 
environment consumed only 2.5% of their body weight in 
food. This physiological response to cold is mediated through 
the thyroid gland (Ring, *42; Dempsey and Astwood, ’43), 
the pituitary gland and the adrenals (Tyslowitz and Astwood, 
°42). The thyroid hormone is of fundamental importance 
in protein anabolism (Samuels, ’48), and protein synthesis 
is associated with a decreased excretion of riboflavin in the 
urine (Oldham, Lounds and Porter, ’47). Evidence of the 
same relationship will be given below for pigs. This asso- 
ciation of protein retention and riboflavin retention suggests 
a greater requirement of the vitamin the greater the reten- 
tion of dietary protein, and a greater requirement of ribo- 
flavin in a cold environment if such an environment favors 
protein retention. The latter point needs direct investigation. 

In the third place, a cold environment affects the metabo- 
lism of fat, leading to the deposition, especially in the pe- 
ripheral tissues, of fats with lower melting points and greater 
unsaturation (Séderlind, ’40; Schmidt-Nielsen, °46). That 
riboflavin is involved in fat metabolism has been suspected 
for some time (Mannering, Lipton and Elvehjem, ’41), but 
later (Potter, Axelrod and Elvehjem, ’42) the evidence indi- 
eating a positive correlation between riboflavin and fat level 
in the diet was said to depend upon the nature of the carbo- 
hydrate in the diet. In an attempt to throw some light upon 
the nutrients whose metabolism involves riboflavin, we sup- 
plemented ordinary swine rations with fat (soybean oil), 
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protein * and carbohydrate (glucose). These rations, and the 
unsupplemented ration, were fed to different groups of pigs, 
and the effects of the supplements on the riboflavin output 
in the urine were measured, with the results shown in table 
2. Protein and fat supplements induced a significant depres- 
sion in the riboflavin spillage in the urine, while glucose did 
not. The obvious conclusion is that protein and fat metabo- 
lism increases riboflavin requirements, though admittedly the 
evidence depends upon a particular, albeit reasonable, in- 
terpretation of the significance of urinary riboflavin. 

If riboflavin is involved in fat metabolism, then the effect 
of cold in modifying the biochemical reactions leading to 
fat deposition may conceivably increase the requirement for 
riboflavin if this vitamin is involved in the enzyme systems 
inducing desaturation of fatty acids. 


SUMMARY AND CONCLUSIONS 

In two experiments involving 8 young pigs each, the ribo- 
flavin requirement was determined at environmental tempera- 
tures of 85°F. and 42°F., respectively. In each experiment 
the pigs were depleted of the vitamin by subsistence for 
three weeks on a semi-synthetic ration containing 0.2 te 
0.4 p.p.m. of riboflavin. During subsequent experimental 
periods of 7 or 8 weeks at the respective temperatures, the 
pigs were fed 8 different levels of the vitamin, ranging from 
the basal level to 4 or 5 p.p.m. 

The food consumption: was equalized among all pigs in 
each experiment except when the pigs on the lower levels 
developed symptoms of deficiency. The adequacy of the ribo- 
flavin concentration was determined by the appearance and 
behavior of the pigs, the rate of growth and the blood picture. 

The most significant morphological change in the blood 
associated with incipient riboflavin deficiency in the young 
pig is a marked increase in the concentration of neutrophilic 
granulocytes and in the percentage of these cells in the total 
leukocyte count. 


> Labeo casein. 
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The results clearly show that the riboflavin requirement 
is higher at the lower temperature, the requirements being 
approximately 1.2 (or somewhat less) p.p.m. at 85°F. and 
approximately 2.3 p.p.m. at 42°F. These values are equiva- 
lent to 0.55 and 1.59 mg of riboflavin per pound of feed and 
1.4 and 4.2 mg per 100 lb. body weight, respectively. 

Confirmation of this effect of temperature on the riboflavin 
requirement is found in the results of preliminary experi- 
ments on older pigs, revealing a consistently smaller spill- 
over of riboflavin in the urine, on the same diet, at 42°F. than 
at 85°F. 

Auxiliary data on pigs show that supplements of protein 
and of fat added to a diet of natural feeds depress the output 
of riboflavin in the urine, indicating, though not proving, an 
increased requirement of the vitamin under conditions of 
increased assimilation of protein and fat. Similar tests with 
glucose supplements yielded negative results. 

The riboflavin requirement of animals per unit of air-dry 
food seems to be independent of body size. Hence, this 
method of expressing the requirement is preferable to ex- 
pression per unit of body weight. 
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THE NUTRITIVE VALUE OF LEGUME SEEDS 


X. EFFECT OF AUTOCLAVING AND THE TRYPSIN INHIBITOR TEST 
FOR 17 SPECIES * 
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Several legume seeds have been compared as to nutritive 
value when fed raw and after autoclaving. Osborne and Men- 
del (’17a) were the first to observe that a legume seed, the soy- 
bean, was improved by autoclaving. Since then, the legume 
seeds reported to be improved by autoclaving include the jack 
bean (Orru and Demel, ’41), velvet bean (Sure and Read, ’21; 
Finks and Johns, ’21b), Adsuki bean (Johns and Finks, ’21), 
lima bean (Finks and Johns, ’21a; Everson and Heckert, ’44; 
Richardson, ’48), and common bean (Osborne and Mendel, 
17b; Johns and Finks, ’20; Everson and Heckert, ’44; Rich- 
ardson, ’48). However, not all legume seeds have been found 
to be improved by autoclaving. Those reported not to be so 
improved include the peanut (Mitchell and Beadles, ’35; Alt- 
schul et al., ’°48; Buss and Goddard, ’48; Zimmermann, ’48), 
chick pea (Blaizot, ’47), sweet pea (Geiger et al., ’33; Lewis 
et al., 48), mung bean (Milby, ’45) and the common pea 
(Finks, Jones and Johns, ’22; Woods et al., °43; Everson and 
Heckert, °44; Blaizot, 47; Jacquot et al., °47; Richardson, 
48). Controversial reports are extant concerning the lentil 
(improved according to Jones and Murphy, ’24, and not im- 
proved according to Blaizot, ’47, and Jacquot et al., 47) and 
the black-eyed pea, Vigna sinensis (improved according to 

* Published with the approval of the Director as Paper 494, Journal Series, 
Nebraska Agricultural Experiment Station. 
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Finks, Jones and Johns, ’22, and Sherman, °41, and not im- 
proved according to Richardson, 48). 

Ham, Sandstedt and Mussehl (’45) advanced the hypothesis 
that the trypsin inhibitor found in raw soybeans, and de- 
stroyed by autoclaving, was the cause of the lower nutritive 
value of raw soybeans compared with autoclaved ones. A pre- 
vious publication by the present authors (Borchers and Acker- 
son, 47) reported a survey of 30 species of legume seeds for 
the trypsin inhibitor; 17 were found to contain the inhibitor, 
13 not to contain it. Since then, Klose, Greaves and Fevold 
(’48) have reported that a lima bean preparation inhibited 
the growth of rats fed acid-hydrolyzed casein, and Westfall, 
Bosshardt and Barnes (’48) have reported that a soybean 
fraction inhibited the growth of rats fed enzyme-hydrolyzed 
casein. Results from this laboratory (Borchers, Ackerson and 
Mussehl, ’48) have shown that a purified soybean trypsin in- 
hibitor preparation does not inhibit the growth of chicks and 
rats. 

The objects of the following investigation were: first, to ob- 
serve the effect of autoclaving on the nutritive value of addi- 
tional legume seeds for the rat; and second, to note whether 
improvement after autoclaving was correlated with the occur- 
rence of the trypsin inhibitor, as is the case in the soybean. 


MATERIALS 


The legume seeds used in this study were obtained from a 
number of sources.’ 

The seeds were first ground to pass a 1-mm screen. The por- 
tion to be autoclaved was placed in shallow pans at a thickness 


* Raw peanuts and lentils were purchased locally. Partridge peas, lespedeza and 
vetch (Vicia sativa) were contributed by the Department of Agronomy, Nebraska 
Agricultural Experiment Station, guar by Mr. D. C. Aepli, Department of Agron- 
omy, Arizona Agricultural Experiment Station, and mung beans by Dr. L. L. 
Ligon, Department of Agronomy, Oklahoma Agricultural Experiment Station. 
Jack beans were purchased from the Arlington Chemical Co., Yonkers, N. Y., velvet 
beans from T. W. Wood and Sons, Richmond, Va., horse beans from the W. A. 
Burpee Co., Clinton, Iowa, and black-eyed peas (Vigna sinensis) from the H. G. 
Hastings Co., Atlanta, Ga., and the Aggler-Musser Seed Co., Los Angeles, Calif. 
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not exceeding 0.5em. Autoclaving was carried out at 15 
pounds’ pressure for 30 minutes, except where noted in table 1. 
After autoclaving, the meal was spread before a fan and al- 
lowed to dry at room temperature. The peanuts were extracted 
with petroleum ether following grinding. 


EXPERIMENTAL 


The rats used in this study were of the Sprague-Dawley 
strain. They were placed on experimental rations at weaning, 
when they were 20 to 23 days of age and at a weight of approxi- 
mately 35 gm. They were housed in individual, screen-bottom 
cages with food and water available ad libitum. Feeding was 
continued for 20 days. The total food consumption of each 
animal was recorded. The results are expressed as average 
grams of gain per day and as grams of gain per gram food 
consumed. The rats were distributed so that 4 males and 4 fe- 
males were placed on the raw legume ration and a litter mate 
of the same sex and initial weight was placed on the autoclaved 
legume ration. The composition of the-rations was as follows: 
raw or autoclaved legume seed-sufficient to supply 12 gm pro- 
tein (N X 6.25, protein contents given in table 1), 0.6 gm pL- 
methionine, 2 gm salt mixture (Hubbell, Mendel and Wakeman, 
’37), 0.5 gm choline chloride, 0.5 mg thiamine HCl, 1.25 mg Ca 
pantothenate, 2.5 mg niacin, 0.125 mg pyridoxine HCl, 0.5 mg 
riboflavin, 5 gm cod liver oil, 10gm lard, and corn starch 
sufficient to make 100 gm. 


RESULTS 


Of 11 legumes fed in this study, the nutritive value of 5 was 
improved by autoclaving as judged by rat growth when the 
legume served as the only source of protein at a 12% level. 
Six legumes were not improved. The results are presented in 
table 1. Of the 17 legume seeds included in this and other 
studies, 8 were improved by autoclaving; 5 of these contain the 
trypsin inhibitor, three do not. Nine of these 17 legume seeds 
were not improved by autoclaving; 6 of these contain the tryp- 
sin inhibitor, three do not. These are listed in table 2. 








Effect of autoclaving on the 


LEGUME ! 


Arachis hypogaea 
Peanut 


Canavalia ensiformis 


Jack bean 


Chamaecrista fasiculata 


Partridge pea 


Cyamopis psoraloides 


Guar bean 


Lens esculenta 
Lentil 


Lespedeza stipulacea 
Lespedeza 


Mucana deeringianum 


Velvet bean 
Phaseolus aureus 

Mung bean 
Vicia faba 

Horse bean 
Vicia sativa 

Common vetch 
Vigna sinensis 

Black-eyed pea 


Sample 1 


Sample 2 


Autoeclaved 15 min. 


Autoclaved 60 min. 


Methionine omitted 


* Nomenclature according to Graham (41). 
* Eight rats, 4 females and 4 males on each ration, paired as to litter and initial 





nutritive value of 11 legume seeds for the rat 


PROTEIN GM GAIN/GM FOOD CONSUMED 
CN x 6.25) - 
Raw Autoclaved * “t” value * 
eee 
pols 1.30 + 0.11 1.40+0.13 0.588° 
52.5" 0.22 0.23 
a 0.30 + 0.11 140+0.13 6.410° 
me 0.10 0.31 
i 272+0.16 261+022 0.409° 
nan 0.33 0.32 
als 0.29 + 0.13 0.27 + 0.06 0.143 ° 
om 0.06 0.06 
” 0.36 + 0.05 0.58 + 0.07 2.464 ° 
‘4 0.10 0.15 
i 2.98 + 21 3.26+0.22  0.933° 
— 0.36 0.39 
ape 20.26 + 0.05 1.25+0.11 12.607" 
=4.5 — 0.08 0.30 
=a 1.89 + 0.14 2.08+0.19  0.792° 
=. 0.33 0.34 
Bay 1.58 + 0.11 212+0.16 2.842° 
om 0.22 0.31 
4 0.41+0.07 0.364012 0.357° 
— 0.10 0.09 
1.41 + 0.14 2.20+0.19 3.3797 
0.27 0.35 
0.87 + 0.08 1.29+0.10 3.3337 
0.20 0.27 
1.01 + 0.11 1.56+0.07 4.2317 
0.21 0.29 
above 1.51 + 0.10 3.333 * 
0.28 
0.24 + 0.04 0.87 + 0.11 5.431? 
0.06 0.16 





TABLE 1 








RAT GROWTH GM/DAY + SE? 











weight between rations, fed for 20 days. 


* Autoclaved at 15 pounds’ pressure for 30 minutes, except where noted for black- 


eyed pea. 


* The ‘‘t’’ value according to Snedecor (46). 
* Protein in the peanut after extracting with petroleum ether. 


* Not significantly different. 
"Significant at the 1% level. 
* Significant at the 5% level. 
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DISCUSSION 


The results of this investigation show that the legume seeds 
studied are approximately equally divided as to those which 
are and are not improved in nutritive value by autoclaving. 
Further, there clearly exists no correlation between improve- 
ment in nutritive value after autoclaving and the presence or 
absence of the trypsin inhibitor in the raw legume seed. 
Hence, the trypsin inhibitor test does not indicate whether or 
not the legume seed will be improved by autoclaving. 

The feeding results in this study agree with those available 
in the literature, with two exceptions. The reports of Blaizot 


TABLE 2 


Effect of autoclaving on the nutritive value of legume seeds and 
trypsin inhibitor test 

















IMPROVED BY AUTOCLAVING NOT IMPROVED BY AUTOCLAVING 
Inhibitor ' Inhibitor * Inhibitor? Inhibitor + 
positive negative positive negative 

Velvet bean Jack bean Peanut Guar 
Lima bean Lentil Partridge pea Common pea 
Common bean Horse bean Chick pea Common vetch 
Soybean Sweet pea 
Black-eyed pea Lespedeza 

Mung bean 





a Trypsin inhibitor test from Borchers and Ackerson (47). 

(°47) and Jacquot et al. (’47) that the common lentil is not 
improved by heating are contradicted, and the earlier report 
of Jones and Murphy (’24) is confirmed. The recent report 
of Richardson (’48) that the black-eyed pea (Vigna sinensis) 
is not improved by heating was also contradicted. More exten- 
sive studies on the black-eyed pea, as is shown in table 1, have 
failed to reveal any effect on the final outcome by autoclaving 
for periods of 15, 30, or 60 minutes; omission of methionine 
from the ration; or use of seeds from two different sources. 
Richardson autoclaved at 15 pounds’ pressure for 30 minutes 
and omitted methionine from the ration. 








344 RAYMOND BORCHERS AND C. W. ACKERSON 


SUMMARY 


The seeds of 11 species of legumes were fed, raw and auto- 
claved, to rats as the sole source of protein at a 12% protein 
level. The jack bean, lentil, velvet bean, horse bean, and black- 
eyed pea were improved by autoclaving, while the peanut, 
partridge pea, guar, lespedeza, mung bean, and common vetch 
were not improved. Of a total of 17 species of legume seeds in- 
vestigated in this and other studies, as listed in table 2, 8 were 
reported to be improved by autoclaving while 9 were not. No 
correlation was observed between the effect of autoclaving on 
nutritive value and the presence or absence of the trypsin in- 
hibitor in the raw legume seed. 
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